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ABSTRACT
The four Lower Snake River Dams have been providing irrigation, recreation, navigation,
and electricity generation capabilities to residents of the Northwest since their completion in
1975. Meanwhile, salmon populations have gradually been declining to the point that five
species of Snake River salmon are now listed as endangered. In 1995, the NMFS released a
report citing the Snake River Dams as potential contributors to this decline, sparking a national
debate.
The diversity of existing studies and opinions surrounding the debate, combined with the
complexity of the issues, has created a need for clarification of the estimated costs and benefits
of breaching the dams. Recognition of the source and context of all data and conclusions is
essential to the formulation of a well-informed analysis. It is in this context that this report
attempts to analyze the costs and benefits of breaching the four Lower Snake River Dams
through the use of existing in-depth studies, as well as through first-hand data collected during a
visit to the region. It is the goal of this report to summarize and clarify the major economic
issues and to produce a non-biased analysis, which will aid in improvement of public
understanding.
In strictly considering the NED models of direct uses of the Lower Snake River Dams
with no regards to the net worth of preserving salmon, dam breaching would cost the national
economy and its taxpayers an estimated $236 million annually for the next 100 years. Taking
into account the existence values of the five species of endangered salmon, the net economic
benefit to the nations taxpayers would be $86 million annually. It is important to note that the
uncertainties surrounding this controversy are substantial.
With few exceptions, this analysis has shown that the USACE/DREW initiative has
surpassed any other existing study of the issue to date in both breadth and insight. Numerous
groups have attempted to discredit the regional data obtained from a process that they were,
themselves, invited to partake in. In interpreting and skewing economic data as a means toward
their ends, these groups have slighted the true argument surrounding the controversy, which
could be more appropriately argued in a social context. Despite this seemingly unavoidable
opposition, the FR/EIS process has proven itself to be revolutionary. As society gains insight into
the environmental consequences of its actions, controversies of the form of that surrounding the
Lower Snake River Dams are sure to become more prevalent. Though the final result of this
controversy has yet to be determined, it is evident from investigation of the existing studies that a
unified effort is essential to a well-rounded non-biased analysis.
Thesis Supervisor: David H. Marks, Ph.D.
Title: James Mason Crafts Professor of Civil and Environmental Engineering
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The four dams that span the Lower Snake River include, from upstream to
downstream, the Lower Granite, Little Goose, Lower Monumental, and Ice Harbor dams.
Since the completion of the last of the four dams in 1975, they have provided irrigation,
navigation, and electricity generation capabilities to residents of the Northwest. As
salmon populations in the Snake River have experienced many significant changes to
their environment since at least 1865, the degree to which the dams have affected the
salmon population is the subject of much dispute (Anderson, 1995). Some of the
pertinent events that have taken place since 1865 are fluctuations in the fishing industry,
changes in ocean conditions, and the development of a region inundated with dams,
including the Lower Snake River system. An overview of the regions hydropower
facilities can be seen in Figure 1.1 followed by Figure 1.2, which shows the decline in
fish populations with respect to the completion of the Lower Snake hydropower facilities.
As operators of the four Lower Snake River dams, the US Army Corps of
Engineers (USACE) has tried to stop or slow down the salmon decline by using various
techniques, such as barging juvenile salmon down the river and constructing multimillion
dollar fish bypasses facilities. These attempts have been unsuccessful to this point,
prompting a national debate regarding the efficacy of the dams.
BENJAMIN MOSHER11 I
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FIGURE 1.1: MAP OF COLUMBIA / SNAKE RIVER SYSTEM, (UW, 1999)
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FIGURE 1.2: DECLINE IN SNAKE RIVER FISH POPULATIONS (ONRC, 1998).
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1.1 Lower Snake River Facilities
The four Lower Snake River Dams, as seen in Figure 1.2, provide the Pacific
Northwest with a variety of services. They provide renewable hydropower to a region
dependent upon it in order to maintain some of the lowest electric rates in the country.
The Ice Harbor Reservoir provides irrigation water for a vast amount of farmland
otherwise unable to produce profitable crops. The facilities also provide a crucial link
between Lewiston, ID and the Pacific Ocean via the 140 mile Columbia / Snake Inland
Waterway, second only to the Mississippi in inland waterborne commerce (USACE,
1999). The dams provide no flood control, because they are considered "run of the river"
dams that allow only small pool elevation fluctuations (USACE, 1999). In addition to
these facility benefits, the presence of the dams supports a major portion of the
employment in areas adjacent to the structures.
FIGURE 1.3: LOWER SNAKE RIVER FACILITIES
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1.2 Study Motivation
Proponents of dam breaching (or partial removal) include conservation groups,
Native American tribes and fishermen. Conservation groups, such as Trout Unlimited and
American Rivers, have strong feelings regarding the Snake River Dams. They site many
reasons for their removal, as shown on their respective web sites and publications. The
Native American tribes that have lived off the river and its salmon for centuries not only
have an interest, but also a legal right to Snake River salmon. Various sport-fishing
advocates, such as Idaho Rivers United, believe that the dams have caused irreparable
harm to the fish population. According to this group, only a return to "natural", pre-dam
conditions can restore the fish populations. Commercial fishing groups, such as the
Pacific Coast Federation of Fishermen's Association, blame the dams for the majority of
juvenile fish kills in the river (CyberLearning, 1999).
Those who oppose dam removal claim that there are other ways to restore the fish
population that would have less drastic economic consequences on the Northwest and
national economies. The opponents include industrial, commercial, and farming
industries that would be directly affected upon implementation of a dam breaching
option. The Pulp and Paper Workers Resource Council is a group that opposes dam
breaching on the grounds that the expense of the measure does not justify its uncertain
benefits. Among the alternatives it proposes are improved dam spillways, periodic
drawdowns behind the dams, and continued barging of fish (CyberLearning, 1999). There
is also scientific criticism indicating that not enough is known about the effects of the
dams on the salmon population to conclude that dam removal will improve conditions for
salmon in the river.
Therefore, the proposal to breach the four dams deserves careful examination
before a decision is made. For this reason, I have decided to conduct a comprehensive
survey of the economic costs and benefits of dam breaching.
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In an attempt to understand the complex issues and uncertainties surrounding the
Lower Snake River Dam Controversy, one can delve into the question of whether the
proposed options are economically feasible. Though the cost-effectiveness of breaching
the four Lower Snake River Dams has little to do with the principal issue of attempting to
restore the environment, it is a way of rationalizing this complex controversy in terms of
estimated dollar values of costs and benefits. Economics provide a means to analyze the
potential outcomes of the controversy in terms of each alternative's quantifiable external
effects. In addition, a cost benefit analysis of the proposed alternatives is essential to
ensure a well-informed decision by those empowered with that responsibility.
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2.1 Existing Analyses
In 1995 the National Marine Fisheries Service (NMFS) released its Biological
Opinion for the Reinitiating of Consultation on 1994-1998 Operation of the Federal
Columbia River Power System and Juvenile Transportation Program in 1995 and Future
Years. This report was produced in response to three species of salmon being placed on
the Endangered Species Act listing in 1991 alone. In this report, the NMFS identified
measures that it felt were necessary to ensure survival of salmon species indigenous to
the Snake River and Columbia River Basin. The four Lower Snake River Dams were
identified in this report as potential contributors to the decline in salmon returns in the
years since their construction.
As a result of the 1995 Biological Opinion the United States Army Corp of
Engineers (USACE), the operator of the dams, along with numerous other entities in the
region, began analyzing the potential options surrounding the Snake River Dams.
Though the USACE identified and investigated four alternatives surrounding the Lower
Snake River Dam Controversy, the majority of the economic and non-economic analyses
were focused on a comparison of the two principal alternatives, which were (1) existing
conditions and (2) dam breaching, or free-flowing conditions.
2.1.1 United States Army Corp of Engineers
In 1991, the USACE initiated a System Configuration Study (SCS) to look at the
effects that potential modifications to the federal dam and reservoir system throughout
the Columbia River Basin would have on salmon species. Following the release of the
1995 Biological Opinion, the USACE modified this study to include a dam breaching
alternative, whereas the previous study only looked at modification of existing facilities.
In December of 1999, the USACE released its Lower Snake River Juvenile
Salmon Migration Feasibility Report / Environmental Impact Statement (FR/EIS). This
report consists of over 4,000 pages, including all appendices and technical reports. This
document provided a large amount of the information used in this report as well as other
analyses pertaining to the Snake River Dams. The FR/EIS was a landmark initiative,
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because it involved numerous regional entities in the study in an attempt to produce a
consensus between varied stakeholders in the controversy.
The economic initiative associated with the FR/EIS (summarized in Appendix I of
the FR/EIS) represented possibly the greatest degree of public participation of all sections
of the report. In an attempt to reach a regional consensus and pool resources more
efficiently, the Corps developed the Drawdown Regional Economic Workgroup
(DREW). This workgroup was comprised of economists and various other professionals
from around the region who held a stake in the fate of the Snake River and its dams.
Members of the workgroups included representatives of the following agencies:
e Bonneville Power Administration (BPA) (Distributors of power)
e U.S. Environmental Protection Agency (EPA)
* U.S. Bureau of Reclamation (BOR)
e National Marine Fisheries Service (NMFS)
" U.S. Fish and Wildlife Service (USFWS)
" Northwest Power Planning Council (NPPC)
e Columbia River Inter-Tribal Fish Commission (CRITFC)
e Other interested groups
DREW also held open meetings in various locations within the region to allow for the
public to participate in and contribute to the study.
DREW was broken into smaller work teams, each of which was assigned to a
specific section of the study. These individual teams looked at specific factors and
eventually produced a technical report, which were summarized in Appendix I of the
FR/EIS. Specific areas of investigation to which work teams were assigned included, but
were not limited to, the following:
* Power Systems Impact
e Recreation
e Transportation
* Water Supply
e Anadromous Fish
* Tribal Circumstances
* Implementation Costs
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" Avoided Costs
e Cost Effectiveness
e Risk and Uncertainty
All products produced by DREW and its subgroups were, and continue to be
reviewed by the NPPC's Independent Economic Advisory Board (IEAB). This board is
comprised of economists from private industry and academia. It provides independent
peer review of all products. The IEAB also solicits technical advice on individual topics
when necessary.
Though a preferred alternative was not included in the Draft FR/EIS as originally
planned, the Final FR/EIS is expected to contain a preferred alternative as decided by the
Corp following public review of the draft document. The release date of the Final
FR/EIS has yet to be determined, but will not be any sooner than the completion of public
review of the draft document on April 30, 2000. A record of a preferred alternative,
potentially included in the final report, will provide guidance for lawmakers to decide on
the most feasible option surrounding the Snake River Dam Controversy.
The bottom line annual cost difference between removing the Snake River dams
rather than maintain existing conditions was reported by the USACE as being $246
million. The DREW analysis did not attempt to quantify the economic worth of the
endangered species of salmon. Instead, its conclusion posed an open question as to
whether the salmon species were worth the estimated cost of removing the Snake River
dams. Table 2.1 summarizes the economic conclusions of the USACE FR/EIS.
TABLE 2.1: USACE ANNUAL COST INCREASE To BREACH SNAKE RIVER DAMS
\rea of Concern Cost Increase ($ Million)
Hydropower $271.0
Transportation $24.0
Irrigation / Water Supply $15.4
Recreation -$82.0
Commercial Fishing -$1.6
Implementation Cost $48.8
Avoided Cost -$29.2
Total $246.5
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2.1.2 Oregon Natural Resource Council Study
In 1998, the Oregon Natural Resource Council (ONRC) released a report entitled
"Restoring the Lower Snake River Salmon: Saving Snake River Salmon and Saving
Money." The report, which was funded by the ONRC as well as many other
environmental groups, was written by Philip S. Lansing with additional text by Eve
Vogel. This ORNC study was released prior the completion of all DREW committee
research, though much of the preliminary data was already in circulation.
The ORNC analysis used a very different (less detailed) approach than the
USACE/DREW study. It first totaled up the estimated costs of maintaining the existing
dams and then partitioned the costs between hydropower, transportation, and irrigation
based on cost carrying ability percentages found in a 1930's USACE study on the, at that
time, proposed Snake River Dams. These costs were then added to, based on other
pertinent estimated costs relating to the dams. From this total estimated cost of each of
the three areas, the estimated next least cost source was subtracted and the resultant sum
of the differences was considered the net economic effect. Through the use of this
method and some preliminary DREW data, the report was able to formulate a conclusion
that breaching the Lower Snake River Dams would save approximately $87 million each
year. Table 2.2 outlines the numbers that were used in producing the ORNC conclusion.
TABLE 2.2: ORNC ESTIMATED RESULTANT SAVINGS WITH DAM BREACHING
Area of Concern Resultant Savings ($ Million)
Hydropower $41.0
Transportation $39.4
Irrigation I Water Supply $6.2
Recreation (Excluded)
Commercial Fishing (Excluded)
Implementation Cost (Included Above)
Avoided Cost (Included Above)
Total $86.6
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2.1.3 ECONorthwest
Trout Unlimited (TU), an environmental organization working to restore cold
water fisheries and their water sheds, contracted ECONorthwest (ECO), a Northwest
Economic Consulting Firm, to complete a study of the economic feasibility of breaching
the Lower Snake River Dams. In November of 1999, immediately prior to the release of
the USACE FR/EIS, ECONorthwest released its analysis, which they summarized in the
following statements:
e Bypassing the dams will generate large and widespread positive
employment and other economic impacts.
e The bypass offers an opportunity to improve economic efficiencies in
local, regional and national economies.
" Strategies to address negative impacts of bypassing these dams are both
affordable and feasible.
Through the use of alternative economic strategies, the ECO report attempts to
outline the manner in which the bypass scenario would be the most feasible option. Also
included in the report are criticisms of the USACE initiative, in an attempt to identify its
shortcomings. The ECONorthwest report is based much more on the DREW data than is
the ONRC study, presumably because more data was available at the time of the ECO
report release.
2.1.4 American Rivers
The Columbia-Snake River Campaign, under the direction of American Rivers,
funded an analysis entitled "Returning Rivers by Restoring Rivers: The Case for Partially
removing Four Dams on the Snake River." The report was a collaboration of authors
from a variety of non-profit environmental organizations such as American Rivers, Trout
Unlimited, The River Network, Friends of the Earth, and Save Our Wild Salmon.
Though based more on the issue as a whole, the report analyses the economic associated
with breaching the four dams. The economic analysis in the report is, again, based on the
available DREW data at the time of its publication and attempts to summarize the
economic impacts while identifying additional considerations that support dam removal.
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2.2 Methodology
2.2.1 Motivation
The diversity of opinions surrounding the dam removal controversy is evident in
the existing analyses. Economic studies currently available range from those
accentuating the potential cost increase of the region's electric power, to those simply
referring to the facilities as "fish killing dams." The release of each of these studies has
generally been accompanied by a press release summarizing the article, while omitting
any secondary sources or supporting data. The diversity of studies, combined with the
complexity of the issues surrounding the Lower Snake River Dams, has created a need
for clarification of the estimated costs and benefits of breaching the dams.
Recognition of the source and context of all data and conclusions is essential to
the formulation of a well-informed analysis. It is in this context that this report attempts
to analyze the costs and benefits of breaching the four Lower Snake River Dams through
the use of existing in-depth studies, as well as through first-hand data collected during a
visit to the region. It is the goal of this report to summarize and clarify the major
economic issues surrounding the controversy and to produce a nonbiased analysis, which
will help improve public understanding.
2.2.2 National Economic Development
The fundamental structure of this report is based on the U.S. Water Resources
Councils' (W RC) Economic and Environmental Principals and Guidelines for Water and
Related Land Resources Implementation Studies (WRC, 1983). The guidelines state that
water resource system analyses should be organized into four accounts, including:
e National Economic Development (NED) - The change in economic value
of the national output of goods and services
e Environmental Quality (EQ) - The non-quantifiable effects on
environmental and cultural resources
e Regional Economic Development (RED) - Changes in localized economic
activity (e.g. Job Markets)
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e Other Social Effects (OSE) - Includes those factors that are not addressed
in the preceding accounts
The National Economic Development component of an analysis is the only
component required under the WRC guidelines (WRC 1983). Though the USACE
FR/EIS addresses the issue in the WRC format, other economic studies that were
investigated do not address the issue in the same manner. Due to diverse viewpoints and
methods of economic analysis in the various reports, all factors will be looked at in terms
of NED while attempting to incorporate methodologies utilized in the various reports.
An NED analysis is primarily concerned with the effect a project will have at the
national level. Since the federal objective of water resource system planning is national
economic development, this component of a corresponding analysis is the most
significant (USACE, 1999). Any regional fluctuations, such as shifts in employment or
region-to-region economic transfers that cancel each other out, are generally not
addressed under NED and instead are included in Regional Economic Development.
2.2.3 Study Assumptions'
For the purposes of this analysis, assumptions have been generally based on those
provided in the existing analyses unless otherwise noted. When appropriate, conversions
have been made in existing analyses' data in an attempt to facilitate comparison between
studies.
As determined by DREW, an analysis period of 100 years provides a means to
ensure that short-term economic fluctuations do not influence the results. The 100-year
period is assumed to begin in 2005, the proposed year of project implementation. Due to
the timing of the studies, the 1998 fiscal year (FY) was used as a base year. However,
discounting was assumed to begin in FY 2005. Any costs or benefits that were assumed
to occur before that date have been brought forward by charging compound interest at a
selected project discount rate.
The concept of the time value of money is an essential consideration in
calculating costs and benefits. One dollar spent on a project today does not have the
This section was developed based primarily on assumptions used in the Draft Lower Snake River Juvenile
Salmon Migration Feasibility Report/Environmental Impact Statement (USACE, 1999).
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same value as a dollar spent on a project 20 years from now. Today's dollar, if invested
at 8%, would actually be worth $4.70, 20 years from now. In order to properly compare
the constantly changing value of costs and benefits over the life of a project, the costs are
converted to present day, average annual values. The conversion of life cycle costs is
done through the use of a discount rate.
A discount rate should be set such that it represents the opportunity cost of present
day investment (James, 1971). Alternatively stated, the discount rate should reflect the
return that can be earned on an investment over the project life. Due to the variety of
stakeholders involved in the DREW data analysis, three different discount rates were
used in order to entertain all participants. The three discount rates that were used are
explained as follows:
* 6.875% - Rate used by the USACE based on the cost of government
borrowing
e 4.75% - Rate used by BPA based on the "real" cost of borrowing not
including inflation
e 0% - Included on behalf of the CRITFC based on desire for natural
resource conservation (USACE, 1999).
One of the major areas of dispute among the studies is the issue of subsidies. A
subsidy is a taxpayer-funded and government-distributed allocation of funds to encourage
something deemed to be in the public's best interest (James, 1971). In the case of the
Snake River Dams, the navigation locks are heavily subsidized but are not considered a
direct cost of existing conditions navigation in the FR/EIS. Instead, these items were
included in the avoided costs analysis. This one example of a subsidy has raised
questions among those who identify the navigation lock subsidy as a major cost to the
nation's taxpayers. For the purpose of this analysis, all pertinent subsidies have been
included in the relevant sections of the analysis.
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3.1 Regional Overview
It is undisputed that of all potential negative economic impacts of breaching the
Lower Snake River Dams, the hydropower system would suffer the greatest loss. The
Pacific Northwest relies heavily on the hydropower-producing dams of the Columbia
River System. As shown in Table 3.1, hydropower makes up almost 70% of the total
capacity of the Pacific Northwest power system and approximately 56% of the regions
firm energy' (BPA, 1998). The presence of hydropower in the Pacific Northwest has
enabled the region to maintain some of the lowest electric rates in the country. As of
Firm Energy, or primary energy, is the electricity that can be counted on during even the driest of water
years (James, 1971). The variability of rainfall and subsequent runoff can have a major effect on the power
producing capabilities of hydropower plants.
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March 2000, the average electric generation charge for a residential customer in the
northwest was 2.4 cents/kWh (BPA, 2000). This is 37% less than an average residential
customer in the state of Massachusetts who paid on average 3.8 cents/kWh
(Massachusetts Electric, 2000).
TABLE 3.1: PACIFIC NORTHWEST POWER RESOURCES
Sustained Peak Capacity Firm Energy Percent of
Power Source I% of Total Capacity (M) imEeg(MW)l (aMW)' Firm Energy
Hydropower 28,302 69% 12,055 56%
Coal 4,863 12% 4,253 20%
Nuclear 1,162 3% 885 4%
Imports 2,874 7% 1,708 8%
Combustion 1,637 4% 754 4%
Non-Utility 1,164 3% 1,056 5%
Cogeneration 775 2% 675 3%
Other 244 1% 154 1%
TOTAL 41,021 100% 21,540 100%
Source: BPA's 1998 FASTFACTS
The Northwest power system is part of the Western Systems Coordinating
Council (WSCC). The WSCC is one of nine regional energy councils that were set up to
ensure the reliability of interconnected bulk power systems. The WSCC oversees 1.8
million square miles of land consisting of fourteen Western states and British Columbia,
Canada (USACE, 1999). The WSCC service area will serve as the area of study for the
hydropower systems analysis.
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3.2 Lower Snake River Hydropower Facilities
The electricity from the majority of the Northwest's hydropower facilities is
distributed by the Bonneville Power Administration (BPA) to local utility companies.
Though the BPA distributes the power from the regions 29 federal dams, the United
States Army Corp of Engineers actually operates 21 of them, while the United States
Bureau of Reclamation (BOR) operates the remaining 8. The four Lower Snake River
Dams are operated solely by the USACE (BPA, 1998).
As can be seen in Table 3.2, of the Federal Dams in the Columbia River Basin, the
four Lower Snake dams account for approximately 16% of the total peaking capacity of
the hydropower system (BPA, 1998). When the non-federal power supply projects in
operation in the Pacific Northwest are figured in, the Lower Snake Dams account for
only 7% of the total system peaking capacity (USACE, 1999). With respect to average
annual energy production, the Lower Snake River Facilities account for 11% of the
Pacific Northwest Federal System and only 5% of the Total Pacific Northwest System
power production, as shown in Table 3.3.
FIGURE 3.1: ICE HARBOR DAM (USACE Digital Library)
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TABLE 3.2: PACIFIC NORTHWEST FEDERAL DAMS
Name River/State In Service Peaking Capacity
Albeni Falls Pend Oreille, ID Mar-55 49
Anderson Ranch Boise, ID Dec-50 40
Big Cliff Santiam, OR Jun-54 21
Black Canyon Payette, ID Dec-25 10
Bonneville Columbia, OR/WA Jun-38 1,224
Chandler Yakima, WA Feb-56 12
Chief Joseph Columbia, WA Aug-55 2,614
Cougar Mckenzie, OR Feb-64 28
Detroit Santiam, OR Jul-53 115
Dexter Willamette, OR May-55 17
Dworshak Clearwater, ID Sep-74 465
Foster Santiam, OR Aug-68 23
Grand Coulee Columbia, WA Sep-41 7,111
Green Peter Santiam, OR Jun-67 92
Hills Creek Willamette, OR May-62 34
Hungry Horse Flathead, MT Oct-52 428
Ice Harbor Snake, WA Dec-61 693
John Day Columbia, OR/WA Jul-68 2,480
Libby Kootenai, MT Aug, 1975 605
Little Goose Snake, WA May-70 930
Lookout Point Willamette, OR Dec-54 138
Lost Creek Rogue, OR Dec-75 56
Lower Granite Snake, WA Apr-75 930
Lower Monumental Snake, WA May-69 930
McNary Columbia, OR/WA Nov-53 1,120
Minidoka Snake, ID May-09 28
Palisades Snake, ID Feb-57 176
Roza Yakima, WA Aug-58 13
The Dalles Columbia, OR/WA May-57 2,080
Total Columbia System: 22,462
Total Lower Snake Dams: 3,483
Percent Lower Snake: 16%
Source: 1998 BPA Fast Facts
HYDROPOWER
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TABLE 3.3: SNAKE RIVER DAM DATA
Ice Lower Little Lower Lower Snake
Harbor Monumental Goose Granite Total
Number of Power Units:
6 6 6 6 24
1(1961) 2(1969) 3(1970) 3(1975)
2(1962) 1 (1970) 3(1978) 3(1978)
3(1975) 3(1979)
Energy:
Average Annual Energy (aMW) 264 332 317 333 1,246
Average Annual Energy (1,000 MWh) 2,313 2,908 2,777 2,917 10,915
Base Condition Factor (%) 38% 36% 34% 36% 36%
Total Nameplate Capacity (MW) 603 810 810 810 3,033
Overload Capacity (MW) 693 931 931 931 3,486
System Comparisons:
Pacific Northwest Federal System
Average Energy 2% 3% 3% 3% 11%
Pacific Northwest Federal System
Peaking Capacity 3% 4% 4% 4% 15%
Pacific Northwest System
Average Energy 1% 1% 1% 1% 5%
Pacific Northwest System
Peaking Capacity 1% 2% 2% 2% 7%
Source: USA CE FRIEIS
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3.3 DREW Hydropower Impact Team Analysis
A Hydropower Impact Team (HIT) was created in connection with the USACE /
DREW initiative. This team consisted of 10 to 20 members from the Northwest Power
Planning Council, Bureau of Reclamation, National Marine Fisheries Service, regional
tribes, interests groups, and environmental groups (USACE, 1999). The HIT initiative
utilized a combination of Hydroregulation models and Power Systems models to
determine the effect that the loss of generating capacity of the Lower Snake facilities
would have on the entire power system. For further information on the specifics of the
HIT modeling effort, the reader its referred to the Technical Report on Hydropower Costs
and Benefits prepared by the Hydropower Impact Team (DREW HIT, 1999).
3.3.1 Hydroregulation Models
The goal of the hydroregulation modeling effort was to determine the amount of
hydropower generation associated with each alternative. The HIT utilized the Hydro
System Seasonal Regulation Program (HYSSR), primarily used by the Corp, as well as
the Hydro Simulator Program (HYDROSIM), primarily used by BPA, and compared the
results. The HYSSR used a 60 years of data from a historical water database while the
HYDROSIM used data from 50 historical water years. Both models resulted in month-
by-month hydropower generation values for each Columbia River hydropower plant
under existing and breached conditions (USACE, 1999). Table 3.4 summarizes the
results of the HIT hydroregulation models.
TABLE 3.4: ANNUAL AVERAGE HYDROPOWER PRODUCTION OVER SIMULATION PERIOD
HYSSR HYDROSIM
Simulation Period 60 Years 50 Years
Existing System Generation (aMW) 14,038 15,702
Breached Conditions Generation (aMW) 12,771 14,477
Percent Impact -9.0% -7.8%
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3.3.2 Power System Models
In order to quantify the potential change in hydropower production in terms of
economic effects, the results of the hydroregulation models were put into a series of
power system models. These power system models were each based on one of two basic
methodologies: the market price approach, or the system production cost approach
(USACE, 1999). A market price analysis is generally based on the willingness of society
to pay for the outputs. The system production cost approach is based on the difference in
cost to produce the electricity via Snake River hydropower and the next most feasible
option, which in this case is thermal generation. In calculation of the system production
costs, the total effect was calculated using the sum of the variable cost of power
production and the fixed capitol costs, the construction of an estimated six thermal power
generation facilities (Woodruff, 1999).
The HIT utilized three power system models, which included AURORA (based
on the market price approach), PROSYM, and a BPA model (which both used system
production costs). The output from the HYSSR and HYDROSIM was used as input for
the power system models. Figure 3.2 summarizes the relationship between the models.
3.3.3 Model Results
The aforementioned models were used in conjunction with relevant data
pertaining to concepts such as elasticity of demand (assumed to be zero, causing some
controversy)(Woodruff, 1999), fuel prices, combustion turbine cost and technology and
unserved load. The results were then compared to the estimated average annual costs at
existing conditions. The modeling effort resulted in an average annual cost increase of
$700 million under breached conditions assuming a 6.875% discount rate. A comparison
of the results of the various models can be seen in Table 3.5.
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FIGURE 3.2: SUMMARY OF HIT MODELS (Adapted from USA CE FRIEIS, 1999)
BENJAMINMOSHER
I
I
I
I
I
I
31
PROSYM
Market Clearing
Price W SCC
HYDROPOWER
TABLE 3.5: HIT MODEL RESULTS
3.3.4 Other Considerations
3.3.4.1 Transmission System
The loss of the hydropower production at the Snake River facilities would have an
effect on the transmission capabilities of the existing power system. Since the system
was constructed to transmit an average of 890 MW from the Snake River facilities, the
replacement of this power source in a different geographical location would require
modifications to the transmission lines in order to maintain system reliability (DREW
HIT, 1999). HIT included this in its analysis by first identifying the impact to the system
along with the possible solutions. It then selected the most cost-effective option to
address the transmission issues.
The analysis assumed a 45-year replacement period and included construction
costs as well as operation and maintenance costs. As before, the costs were converted to
average annual costs, using three different discount rates. The average of the low and
high estimates at 6.875% was $25 million annually. Additional results of this analysis
can be seen in Table3.6.
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TABLE 3.6: TRANSMISSION COSTS
Annual Cost Increase From Existing Conditions
($ Million)
Discount Rate Low High
6.875% 22 28
4.750% 19 24
0.000% 16 18
3.3.4.2 Ancillary Services
The loss of the Snake River facilities would also translate to the loss of any
ancillary services, which they provide. Currently, the two major ancillary services the
dams provide with regards to hydropower include Automatic Generation Control (AGC)
and required reserves. AGC is the ability to make small and very frequent adjustments to
the power in a transmission system to maintain constant power levels in the system.
Since hydropower is known to be well suited to serve this function at minimal costs, there
will be some increase in cost resulting from replacement of this service. The Snake River
Dams also serve as a source of power reserve in the case of a major system emergency,
which would also have to be replaced at a cost.
The economic effect resulting from the loss of these services was not modeled,
but instead estimated from BPA staff judgment. The resultant annual economic cost of
replacing AGC and the reserves required by the WSCC were estimated at $465,000 and
$7,183,000, respectively (DREW HIT, 1999). The total annual cost to replace ancillary
services, for practical purposes, can be estimated at $8 million annually.
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3.3.5 USACE / DREW / HIT Conclusions
The Hydropower Impact Team calculations resulted in annual costs ranging from
$221 to $255 million at 6.875%. A summary adapted from USACE, 1999 can be seen in
Table 3.7. When transmission reliability and the cost of replacing ancillary services is
taken into account, the range of annual costs discounted at 6.875% ranges from $251 to
$291 million as shown in Table 3.8.
TABLE 3.7: HYDROPOWER SYSTEM COST SUMMARY ($ MILLION ANNUALLY)
Production Costs Market Price Range
Discount Rate BPA Model HYDROSIM HYSSR Min Max
6.875% 255 221 225 221 255
4.750% 256 220 224 220 256
0.000% 260 217 221 217 260
TABLE 3.8: TOTAL SYSTEM COST SUMMARY ($ MILLION ANNUALLY)
System Costs Transmission Improvements Ancillary Total Effects
Discount Rate Min Max Min Max Services Min Max
6.875% 221 255 22 28 8 251 291
4.750% 220 256 19 24 8 247 288
0.000% 217 260 16 18 8 241 286
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3.4 Alternative Analyses
As previously mentioned, numerous other entities have looked into the economics
surrounding the possible breaching of the four Lower Snake River Dams. The most
significant contributors to this cause have been the Oregon Natural Resource Council,
Trout Unlimited / ECONorthwest, and American Rivers. In the area of the hydropower
analysis, the methods used and the results were significantly different from those of the
DREW / HIT study. The methodologies and conclusions will be briefly outlined here in
an attempt to clarify the issue.
3.4.1 Oregon Natural Resource Council
The method used by Philip Lansing in "Restoring the Lower Snake River" is
based on the principal that the net benefit of an alternative is equal to the cost of
producing the power minus the next least cost source. Alternatively:
Cost to Produce Power - Next Least Cost Source = Net Benefit of Producing Resource
The current costs to produce power is calculated using the cost carrying abilities
of the Snake River Dams estimated by the USACE prior to their construction in the
1930's combined with other considerations. To do this the operation costs were first
totaled from 1995 operation and maintenance costs combined with estimated salmon
restoration costs as estimated by BPA. Assuming all salmon restoration would cease
upon breaching of the dams, (a point debated by many), the total operation cost of the
Snake River Dams was estimated at $228 million annually. Using a 1930's hydropower
cost carrying percentage of 77.39%, the hydropower costs were cited at $176.4 million.
Using similar methodology, the hydropower portion of the restored river system
cost is calculated at $19.8 million annually. From personal correspondence with a
member of the NPPC, the ORNC analysis goes on to list the next least cost source of
power at a level of 1.87 cents/kWh. This next least cost source assumption translates into
$115.6 million annually using a 3% discount rate. Using this theory, the net power
benefit to remove the dams is calculated at $41 million annually. Table 3.9 summarizes
this methodology.
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TABLE 3.9: ORNC HYDROPOWER ANALYSIS - SAVINGS WITH RESTORED RIVER
Component Savings ($ Million Annually)
Existing System Cost Component $176.4
Restored River System Cost Component -$19.8
Next Least Cost Source -$115.6
Total Savings $41.0
3.4.2 ECONorthwest & American Rivers
The ECONorthwest and American River literature accepts the calculations and
modeling efforts of the DREW / HIT initiative. Both studies got on to note that the
annual cost of removing the dams, if shared exclusively between customers of BPA,
would translate into an average monthly electric bill increase between $1 and $5 for the
average Pacific Northwest residential customer (ECO, 1999). Furthermore, the studies
defend this would still maintain Northwest power rates among the lowest in the country.
These studies do not site the average increase in one of the numerous large power
consuming industries, such as some aluminum plants that have been served by BPA since
World War II, that rely upon BPA to sell them power at the existing rate (BPA, 2000). It
has been argued that even a slight increase in rates to these industries could have a major
effect on the pricing of products and, consequently, their competitiveness in the world
market.
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4.1 Existing Facilities
In addition to the presence of hydropower facilities, each of the four Lower Snake
River Dams also maintains a lock, which raises and lowers vessels past the dam. The
existence of the four locks enables water-related transportation of goods and services 465
miles inland from the Pacific Ocean, upstream to Lewiston, Idaho (USACE, 1999).
According to the Port of Lewiston, Idaho, the Columbia-Snake Inland Waterway is
second only to the Mississippi River in waterborne commerce (Port of Lewiston, 2000).
Products from many northwest states travel down the Columbia-Snake Waterway to
Portland, OR where products, such as wheat, barley, soda ash and potash are exported to
Japan, Korea, Taiwan, Pakistan and many other foreign countries (Port of Portland,
2000). The relative locations of the dams and locks can be seen in Figure 4.1.
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FIGURE 4.1: COLUMBIA-SNAKE RIVER DAMS IN RELATION TO OTHER NW DAMS
(USACE, 1999)
The Columbia-Snake River System (CSRS) is currently classified into two
sections: the Columbia River Deep-Draft Channel and the Columbia-Snake Shallow
Draft Channel (USACE, 1999). The deep draft portion of the waterway maintains a 40-
foot-deep by 600-foot-wide passageway, which extends 106 miles inland from the Pacific
Ocean to the Portland, OR / Vancouver, WA area (Port of Portland, 2000). The shallow
draft section extends from river mile (RM) 106 on the Columbia to the confluence of the
Columbia and Snake Rivers at RM 325, and finally 141 miles upstream on the Snake
River to Lewiston, ID. The shallow portion maintains a minimum depth of 14-feet (Port
of Lewiston, 2000).
Though a countless variety of products travel on the deep draft segment, the
shallow draft transportation can be primarily grouped into categories such as grain,
petroleum, woodchips and logs. Historically, the bulk of upriver shipments have
consisted of petroleum products while the primary outbound shipments have consisted of
grain products (USACE, 1999). Table 4.1 shows the products which passed Ice Harbor
Dam in the period between 1987 and 1996.
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TABLE 4.1: TOTAL ANNUAL TONNAGE THROUGH ICE HARBOR LOCK (THOUSAND TONS)
Commodity 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Average
Grain 2,906 3,981 2,532 3,109 3,241 2,612 2,706 3,135 3,471 2,821 3051.4
Wood Chips and Logs 461 394 320 304 375 500 854 910 857 530 550.5
Petroleum 117 105 115 108 106 108 129 137 144 95 116.4
Wood Products 46 52 45 42 74 61 45 58 68 28 51.9
Other 96 127 203 166 159 80 57 74 82 85 112.9
Total 3,626 4,659 3,215 3,729 3,955 3,361 3,791 4,314 4,622 3,559 3883.1
Source: USA CE FRIEIS
From this data, the U.S. Army Corp of Engineers Institute for Water Resources
(IWR) conducted a commodity growth forecast for the major categories of products
presently shipped via the Snake River locks. Assuming an implementation year of 2007
for any major transportation modifications, the IWR projected commodity transportation
from 2002 to 2022 at five-year increments (USACE, 1999). Due to the difficulties
associated with long-term economic projections, the commodity shipment was assumed
to hold constant after the year 2022. Table 4.2 shows the results from the IWR
commodity projections.
TABLE 4.2: TOTAL ANNUAL TONNAGE PROJECTIONS (THOUSAND TONS)
Commodity 2002 2007 2012 2017 2022
Grain 3,019 3,647 3,799 3,798 3892
Wood Chips and Logs 716 694 694 694 694
Petroleum 118 127 136 145 156
Wood Products 52 66 79 101 128
Other 81 97 110 128 148
Total 3,986 4,631 4,818 4,866 5,018
Source: Snake River Commodity Projections, IWR Navigation DATA Center, Ft. Belvoir, V.A.
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4.2 DREW Transportation Work Team Modeling
A transportation workgroup was developed in conjunction with the Drawdown
Regional Economic Workgroup (DREW) initiative to look into the effects dam breaching
would have on economic development. This workgroup, along with the USACE Institute
for Water Resources (IWR) and various subcontractors, developed a technical report
summarizing its methodologies, assumptions and results. The approach, as well as much
of the data that was used by the workgroup, was partially based on a System Operation
Review (SOR) study preformed in 1992-1993 (USACE, 1999). The SOR study looked at
alternative operating techniques pertaining to Columbia-Snake River System. In addition
to the SOR methodology and data, the transportation analysis utilized a combination of
transportation models and least-cost estimating databases in the development of
economic assessments (DREW Transportation Workgroup, 1999).
The modeling approach, as outlined in the FR/EIS, employed by the workgroup
required specific system information, such as:
e Establishment of base and future commodity shipments
e Identification of commodity origins and destinations
e Estimates of modal storage and handling costs at transfer facilities
e Assessment of regional rail and truck capacity.
The 1992 SOR data was updated whenever possible, specifically in the case of grain
commodities. The data from non-grain products was taken directly from the SOR
(DREW Transportation Workgroup, 1999). The commodity growth forecasts, which
were previously mentioned were taken from a completed Columbia River Channel
Deepening Feasibility Study (USACE, 1999).
BENJAMIN MOSHER40
TRANSPORTATION
4.2.1 Modal Cost Estimating
The modal cost estimating procedure consisted of utilization of transportation
analysis models (TAMs), developed and copyrighted by a private transportation
management-consulting firm. The TAM consisted of a Barge Cost Analysis Model
(BCAM), a Rail Cost Analysis Model (RCAM), and a Truck Cost Analysis Model
(TCAM) (USACE. 1999). Though the assumptions associated with some of the models,
specifically the BCAM and RCAM, were subject to debate among individuals in the
industry, each assumption and related reasoning was outlined in the DREW
Transportation Workgroup Technical Report. The major shortcomings were identified,
and it was concluded that they either canceled one another out or were irrelevant to the
final conclusion looking at relative differences in transportation options compared to the
base scenario (DREW Transportation Workgroup, 1999).
4.2.2 Transportation System Cost Estimating
Upon completion of the modal cost estimating procedure, the relevant data was
placed into a Microsoft ACCESS database, which was used to calculate and identify the
least-cost transportation option associated with individual product categories (USACE,
1999). The database used origin and destination data for transportation of goods. The
movements that were used in each scenario are as follows (Transportation Workgroup,
1999):
Base Case ...
e Farms direct to river ports to export terminals
e Farms to country elevators to river ports to export terminals
Drawdown ...
" Farms direct to river ports to export terminals
* Farms direct to unit-train railheads to export terminals
" Farms to country elevators to alternative river ports or unit-train railheads
to export terminals.
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Though the ACCESS database did not serve as a optimization model, such as
GAMS, in all cases, more than one feasible option was included in the database to ensure
the availability of alternative options. The database then calculated the cost of
transportation, storage and handling associated with the predefmed alternatives (UASCE,
1999). The use of this transportation system cost estimating database produced a result
with the least-cost transportation option for each commodity. The analysis of grain
shipment costs resulted in an 18% increase in 2007 total annual costs for the drawdown
scenario. The non-grain shipment costs for 2007 were shown to increase an average of
5%. Tables 4.3 through 4.5 summarize the results of the Transportation Workgroup's
analysis.
TABLE 4.3: COSTS OF GRAIN SHIPMENT IN 2007 ASSUMING EXISTING CONDITIONS
Costs per Bushel
State of Origin No. of Bushels Transportation Storage Handling Total Total Cost of Transportation
Idaho 32,289,941 $0.347 $0.147 $0.215 $0.709 $22,883,707
Montana 6,537,310 $0.717 $3.065 $3.313 $7.095 $46,381,513
North Dakota 2,458,172 $1.327 $0.000 $0.000 $1.327 $3,262,017
Oregon 980,218 $0.339 $0.000 $0.000 $0.339 $331,837
Washington 84,355,029 $0.203 $0.157 $0.224 $0.584 $49,255,647
Total 126,620,670 $0.96 $122,114,721
Source: DREW Transportation Workgroup, 1999
TABLE 4.4: COSTS OF GRAIN SHIPMENT IN 2007 ASSUMING DRAWDOWN CONDITIONS
Costs per Bushel
State of Origin No. of Bushels Transportation Storage Handling Total Total Cost of Transportation
Idaho 32,289,941 $0.500 $0.175 $0.227 $0.902 $29,143,370
Montana 6,537,310 $0.928 $3.065 $3.313 $7.306 $47,757,544
North Dakota 2,458,172 $1.433 $0.000 $0.000 $1.433 $3,523,573
Oregon 980,218 $0.401 $0.000 $0.000 $0.401 $393,165
Washington 84,355,029 $0.340 $0.176 $0.232 $0.748 $63,159,551
Total 126,620,670 $1.14 $143,977,203
Source: DREW Transportation Workgroup, 1999
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TABLE 4.5: COSTS OF NON-GRAIN SHIPMENT IN 2007 UNDER BOTH CONDITIONS
Year / Commodity Group Base Case Breached Conditions
2000
Petroleum $14,838,745 $15,350,816
Logs and Wood Chips $47,879,179 $49,320,040
Wood Products $4,380,282 $5,444,873
Other $6,125,027 $6,643,160
Total $73,223,233 $76,758,889
2007
Petroleum $15,893,106 $16,441,562
Logs and Wood Chips $47,879,179 $49,320,040
Wood Products $5,242,586 $6,516,753
Other $6,946,350 $7,533,960
Total $75,961,221 $79,812,315
2012
Petroleum $16,936,369 $17,520,827
Logs and Wood Chips $47,879,179 $49,320,040
Wood Products $6,703,299 $8,332,480
Other $8,084,392 $8,768,272
Total $79,603,239 $83,941,619
2017
Petroleum $19,511,230 $20,184,544
Logs and Wood Chips $47,879,179 $49,320,040
Wood Products $8,494,810 $10,559,403
Other $9,345,900 $10,136,495
Total $85,231,119 $90,200,482
Source: DREW Transportation Workgroup, 1999
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4.2.3 DREW / Transportation Workgroup Conclusions
Table 4.6 displays a summary of the DREW conclusions pertaining to the
Transportation Workgroup Analysis. The workgroup concluded that the removal of the
Snake River Dams would increase the associated average annual transportation costs by
approximately $24 million, assuming a 6.875% discount rate.
TABLE 4.6: SUMMARY OF AVERAGE ANNUAL TRANSPORTATION COSTS
Average Annual Costs with Base Conditions (2007-2106)
Interest Rate1Grain Transportation Other Commodities ITotal (1998 Dollars) Total (2005u ollars)
6.875% $126,042,205 $82,274,899 $208,317,104 $182,377,458
4.750% $126,963,320 $83,006,143 $209,969,463 $191,358,639
0.000% $129,337,780 $84,671,628 $214,009,408 $214,009,408
Average Annual Costs with Breached Conditions (2007-2106)
Interest Ratel Grain Transportation Other Commodities Total (1998 Dollars) Total (2005 Dollars)
6.875% $148,870,766 $86,898,809 $235,769,575 $206,411,548
4.750% $149,958,712 $87,715,836 $237,674,548 $216,608,063
0.000% $152,763,231 $89,575,894 $242,339,125 $242,339,125
Average Annual Costs Increase with Breached Conditions (2007-2106)
Interest Rate Grain Transportation [Other Commodities Total (1998 Dollars) Total (2005 Dollars)
6.875% $22,828,561 $4,623,910 $27,452,471 $24,034,090
4.750% $22,995,392 $4,709,693 $27,705,085 $25,249,424
0.000% $23,425,451 $4,904,266 $28,329,717 $28,329,717
Source: DR EW T ransponauion vorkgroup, 9
The above conclusions rely on the assumption that all infrastructure improvement
costs associated with dam breaching are imbedded in the shipping, storage and handling
costs (USACE, 1999). For the purpose of general reference, the costs of improvements
have been extracted from the data and summarized in Table 4.7.
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TABLE 4.7: INFRASTRUCTURE IMPROVEMENT COSTS
Estimated Costs ($)
Low High
Mainline Railroad Upgrades 14,000,000 24,000,000
Short-Line Railroad Upgrades 19,900,000 23,800,000
Additional Rail Cars 14,000,000 26,850,000
Highway Improvements 84,100,000 100,700,000
River Elevator Capacity 58,700,000 335,400,000
Country Elevator Improvements 14,000,000 16,900,000
Export Terminal Rail Car Storage 1,985,000 4,053,000
Total 206,685,000 531,703,000
Source: DREW Transportation Workgroup, 1999
4.3 Alternative Analyses
4.3.1 Oregon Natural Resource Council
The ONRC study first considers the 1930's cost carrying percentage of the
transportation component. As estimated by the USACE, 18.5% of system costs should be
allocated to transportation, translating to $42.2 million annually. In addition, this method
adds in estimated costs, such as power foregone to operate locksi, local property tax
support, and current shipping costs paid by industry. From this total existing cost, the
next least cost source, restored river system costs and restored river private shipping costs
are then subtracted. The resultant net savings was calculated as $39.4 million annually at
a 3% discount rate. The details of this calculation can be seen in Table 4.8. This
methodology relies on the assumption that there will not be any subsidies of replacement
transportation systems, such as railroad. In addition, it is assumed, in calculating the
power foregone to flush the locks, that all water coming downstream would normally be
used for generation and not spilled over the spillway.
1 The power foregone to flush a lock is the power generating capacity of the volume of water, which is
forced to bypass the generators in order to transport a vessel through a lock.
BENJAMINMOSHER45
TRANSPORTATION
TABLE 4.8: ORNC TRANSPORTATION ANALYSIS - SAVINGS WITH RESTORED RIVER
Component Cost ($ Million Annually)
Existing System Cost Component $42.2
Power Forgone in Lock Flush $0.8
Property Tax Support $1.3
Private Shipping Costs $4.3
Next Least Cost Source -$4.4
Restored River System Cost Component -$4.7
Restored River Private Shipping Costs -$0.1
Total Savings $39.4
4.3.2 ECONorthwest
With respect to transportation, ECONorthwest appears to accept the DREW data,
yet identifies issues and strategies that support the possible investment caused by the loss
of barge transportation. It starts by pointing out that the locks are currently subsidized
with approximately $10 million annually by the federal government. The study notes that
a restructuring of the transportation system would provide an efficient alternative to the
existing subsidies (ECO, 1999). The existing funding, currently enabling operation of the
lock, could be redirected into infrastructure (e.g. Highway and rail), enabling much
needed infrastructure projects to be completed while creating a competitive market (e.g.
Truck to Columbia River barge vs. truck to rail).
The ECONorthwest analysis continues by suggesting that the existing Grain Train
program, which was set up to help local farmers by allowing them to use government
purchased railcars, should be expanded using the current lock subsidy. These railcars
were meant to reduce transportation costs by improving railcar availability (ECO, 1999).
Though the ECONorthwest report does not attempt to discredit the DREW
transportation data, it does attempt to identify strategies to ensure that the dam breaching
option is the most viable option. It notes specifically that the bypassing of the dams will
not have a significant impact on agricultural production in the Pacific Northwest. It also
suggests that the farmers of the Northwest must be considered a priority in the strategy of
any drawdown option.
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4.3.3 American Rivers
In an attempt to reach a similar anti-dam conclusion, such as the ECONorthwest
analysis, American Rivers used many of the same arguments. Though the data used
contained some differences from the aforementioned analyses, due to the timing of
publication, the general magnitude of the estimated effects were similar. American
Rivers does go on to site a 1999 Washington State University study, which estimated that
grain shippers would only pay a penny to nine cents more per bushel for transportation.
This data is well below the DREW estimate. As noted by the ECO report, the American
Rivers analysis also addresses the possibility of expanding the grain train program and
the positive effect of improving the region's infrastructure through redirection of finding.
47 BENJAMINMOSHERBENJAMIN MOSHE R
THE NATIONAL ECONOMIC EFFECTS OF BREACHING THE LOWER SNAKE RIVER DAMS
5.1 Snake River Facilities
The impoundments associated with the four lower Snake River Dams currently
provide water for crop irrigation, municipal water system backup, golf course irrigation
and industrial process water. In addition, there are numerous wells in the immediate
vicinity of the river, which would be adversely impacted due to aquifer drawdown in the
area of the former impoundment. The loss of these reservoirs would inevitably require
major system modifications resulting in costs associated with the National Economic
Development (NED) analysis. This section attempts to outline the existing facilities, the
USACE analysis, and other analyses that have been conducted on the resultant economic
effect on the water system associated with a dam breaching scenario.
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5.1.1 Irrigated Agriculture
Of the four reservoirs, the Ice Harbor Pool is the only one that serves the purpose
of agricultural irrigation water supply. According to a 1995 Columbia River System
Operation Review Study, approximately 37,000 acres of farmland in Franklin and Walla
Walla counties are served by the Ice Harbor Reservoir (Corps, 1995). These 37,000 acres
represent approximately 12% of the irrigated farmland in the two respective counties and
about 2% of the irrigated farmland in Washington State (USACE, 1999). Table 5.1
outlines the irrigated acreage served by Ice Harbor Reservoir according to pump stations.
TABLE 5.1: IRRIGATED FARMLAND SERVED BY ICE HARBOR RESERVOIR
Pump Station Total Acreage Irrigated Acreage Primary Crops Notes
Shared ownership
IH-1 1500 1,500 Sweet corn, onions, potatoes h oH erhi
with IH-12
IH-2 4500 4,500 Hybrid cottonwood Land/station leased
Potatoes, wheat. field corn,IH-3 12000 9,500
onions, sweet corn
IH-5 4100 4,100 Hybrid cottonwood Land/station leased
IH-6 5000 2,200 Field corn, wheat, potatoes
IH-7 2900 2,700 Grapes, apples
Shared station with
IH-9 540 540 Apples IH-10
IH-10 4000 1,800 Apples, cherries
Apples, cherries, sweet corn, Includes 1000 acres
potatoes, wheat, peas, field corn f orchards
[H-12 900 900 Field corn, wheat, potatoes, Owns 30% of IH-1
asparagus station
IH-16 600 320 Apples, cherries
IH-17 1200 1,200 Potatoes, onions
IH-18 225 165 Vineyards, apples
IH-19 500 500 Not Determined Future station
Source: USACE, 1999
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Other than permanent crops, such as fruit trees and vineyards, the crops on the
local farmlands are generally rotated for reasons of crop disease control and soil fertility.
As a result of this crop rotation, the acreage by crop varies from year to year. Even so,
the average land use by crop was obtained by the Army Corp through a 1997/1998 survey
of farm owners. The results of this survey can be seen in Table 5.2. The cottonwood /
poplar, which constitutes the largest percentage of land, is grown for the purpose of pulp
and paper production and is a major regional export (USACE, 1999).
TABLE 5.2: IRRIGATED CROPS BY PERCENTAGE OF TOTAL ACREAGE
Crop % of Crop Type
Cottonwood / Poplar 23.2
Potatoes 14.9
Field Corn 13.5
Fruit Tree Orchards 11.1
Wheat 9.5
Vineyards 6.2
Sweet Corn 5.4
Onions 3.0
Undefined Percentage 13.2
Total 100
Source: USA CE, 1999
5.1.2 Municipal and Industrial Pump Stations
As previously mentioned, the Snake River Reservoirs also serve the purpose of
providing water for uses ranging from golf course irrigation to industrial process water.
All of the intake structures associated with these uses are located in the Lower Granite
pool. Data corresponding to the usage from these pump stations was, again, obtained by
the USACE through the use of a survey of station managers. It was determined that the
withdrawal from the reservoir in 1996 consisted of over 12 billion gallons used for
industrial process water and approximately 150 million gallons for golf course irrigation.
Table 5.3 outlines the result of this survey.
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TABLE 5.3: MUNICIPAL AND INDUSTRIAL PUMP STATIONS
No. Station Use Pumps HP Head (ft) 1996 Water Usage
Not used in several
GR-1 PUD #1 Water System Backup 3 450 300
years
Not used in several
GR-2 PUD #2 Water System Backup 3 1,200 400
years
GR-3 Clarkston Golf Course Golf Course Irrigation 1 10 40 460,000 gpd
Mill Process Water
GR-4 Potlatch Corp. and Steam 6 1,050 80 12,287,000,000 gal
GR-11a Atlas Sand & Gravel Concrete Aggregate 1 100 120 Na
Washing
1.0 -1.5 mgd in
GR-11b Lewiston Golf Club Golf Course Irrigation 1 60 160
June to Aug.
Source: USACE, 1999
5.1.3 Private Wells
Upon construction of a reservoir, the hydraulic head of an adjacent aquifer is
generally increased with the increase in local river elevation. For this reason, any wells
that were established under impounded conditions may go dry as a result of dam
breaching as the aquifers subside to their natural level. Under this scenario, these wells
would require modifications in the form of deepening or total redrilling, depending on the
well structure and local hydrogeological conditions.
Well logs were obtained by the Army Corp from the Washington Department of
Ecology for all wells within a mile of the Lower Snake River. A total of 228 wells were
accounted for with 19 of them corresponding to test wells, abandoned wells or
replacement wells. For purposes of the Corp analysis and this investigation, the number
of well potentially requiring modification is 209.
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5.2 DREW Water Supply Work Team Analysis
In conjunction with the USACE FR/EIS, a water supply work team was
established to investigate the economic effect that drawdown would have on the water
supply systems currently installed in the Lower Snake River Reservoirs. This team used
data from previous Corp reports, surveys of water users and pump station operators and
USACE Walla Walla district engineers. Assumptions that were made in their analysis
included the following:
" The effects of system modification were limited to the capitol costs.
* The value of the impacted land would be reduced to that of non-irrigated
grazing land.
" The effects on municipal and industrial pump stations were determined from
the estimated system modification costs.
* All economic effects would be incurred during the year of implementation.
5.2.1 Irrigated Agriculture
In an attempt to quantify the costs associated with irrigated agriculture, the Water
Supply Impact Team used three different methods of analysis. The methods included
calculating the pump modification costs, calculating the loss of farmland value, and
calculating the change in net farm income as a result of breaching. The results of the
three methods were then compared, and conclusions were made regarding the validity of
the results.
5.2.1.1 Pump Cost Modification Approach
Though many farms may be able to operate at a lower cost than that of pump
modification through changing crops or production techniques, the pump modification
cost estimates the cost of system investments necessary to maintain current irrigation.
Within the pump modification approach, the Water Supply Work Team considered three
options, which included modification of existing facilities by extending pipes and
installing pumps, replacement of supply with groundwater sources, and construction of
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one large pumping station with a sediment basin to serve all irrigation users in the
vicinity of the Ice Harbor Reservoir (USACE, 1999). For reasons of sediment damage to
modified stations and local hydrogeological conditions, the large pumping station option
was considered to be the only feasible option.
The construction of a large pumping station that could handle the rivers
suspended sediment load under breached conditions would require construction of a
pump station, a pipe network to connect to the existing pipes, and a large sediment
control basin. The necessary sediment control basin size was calculated at 14,000 acre-ft
of storage and would cost around $129 million to construct. Combined with the $163
million to construct the rest of the system, the total cost of this option would be $291
million. Table 5.4 outlines these costs.
TABLE 5.4: COSTS OF CONSTRUCTING REPLACEMENT PUMPING STATION
Component Construction Costs ($)
Mobilization, Demobilization $11,896,148
Earthwork $5,207,616
Utilities $6,997,734
Access Road $4,849,592
Pipelines $71,865,100
Pumping Plants $9,243,520
Pumping Machinery $52,678,290
Sediment Reservoir $128,743,000
Total $291,481,000
Source: DREW Water Supply Work Team
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5.2.1.2 Farmland Value Approach
The second method of analysis pertaining to irrigated agriculture that was used
was the farmland value approach. This method consisted of obtaining the approximate
value of the existing farmland according to its crop production and subtracting its value
under non-irrigated conditions to determine the economic effect. The land values used by
the Water Supply Work Team were acquired from farm managers, cooperative extension
agents, farmland appraisers, agricultural economics professors, and published data. The
value of row crops, apples, cherries, vineyards, and poplars were determined for this
analysis and can be seen in Table 5.5.
TABLE 5.5: FARMLAND VALUE FOR SELECTED CROPS
Type of Cropland Value per Acre ($)
Row Crop 2,500 to 3,500
Vineyards 5,500 to 9,500
Apple Orchards 10,000 to 32,000
Poplars 2,500 to 3,500
Non-irrigated Farmland 75 to 150
Source: DREW Water Supply Work Team
From the cropland values, an average (non-poplar) per acre value of $4,100 was
calculated and multiplied by the total (non-poplar) acreage. The value of the poplar
producing land was added to this, and the total cost of non-irrigated land was subtracted
to achieve the net economic effect of dam breaching. Alternatively,
($4,100 *28,400 acres non-poplar) + ($2,500 *8,600 acres poplar) - ($100 *3 7,000 acres) =
$134,240,000
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5.2.1.3 Net Farm Income Approach
The net farm income method was used primarily to check the results of the
farmland value approach. The net farm income approach was based on the principle that
the net return equals the total revenues minus the total variable and net fixed costs, where
net fixed cost equals the total fixed cost minus the land rent and establishment charge.
Alternatively:
Net Return = Total Revenues - (Total Variable Cost + Net Fixed Cost)
The crop data was acquired from the Selected Farm Business Management
Report, produced by Washington State University. These values were then applied to
each crop produced in the region to obtain the net return per crop. This data was then
applied to six sample farms and averaged to obtain a per acre land value of $4,500 per
acre. This value was then applied to the formula used in the farmland value approach as
follows:
($4,500 *28,400 acres non-poplar) + ($2,500 *8,600 acres poplar) - ($100*3 7,000 acres) =
$145,600,000
5.2.1.4 Irrigated Farmland Method Comparison
As used in the other sections of the analysis, the Water Supply Work Team next
converted the calculated economic effect into average annual costs, using each of three
different discount rates. As shown in Table 5.6, the land value approach resulted in lower
costs over the assumed project period of 100 years, the cost of the land, rather than the
cost to upgrade the existing system, was carried through as the resultant economic effect
on the irrigated farmland water system. Assuming a 6.875% discount rate, the annual
cost to irrigated farmland was concluded to be $9.2 million.
BENJAMINMoSHER55
WATER SUPPLY/ IRRIGATION
TABLE 5.6: COMPARISON IRRIGATED FARMLAND QUANTIFICATION METHODS
Average Annual Average Annual Average Annual
(6.875%) (4.75%) (0%)
5.2.2 Municipal and Industrial Pump Stations
The cost to modify the municipal and industrial pump stations is primarily
influenced by the potential modifications to the Potlatch Corporation system (USACE,
1999). The costs estimated by the Water Supply Work Team ranged from $11,514,000 to
$55,214,000, depending on the need for a discharge water-cooling facility at the Potlatch
Corporation facility. The portion of the cost associated with the Potlatch facility ranged
from $10.8 million to $54.5 million. Energy costs of running the modified pumping
facilities were not quantified, because the economic effects on the irrigated farmland
overshadowed its magnitude.
5.2.3 Private Wells
The Water Supply Work Team analyzed a representative sample including 50 of
the 209 wells found within one mile of the Lower Snake River impoundments. The wells
were analyzed for potential pump size increases and increases in well depth. Of the 50
wells, 21 (40%) were found to potentially need significant modifications upon dam
breaching. Using known average costs to improve private wells, the cost to improve the
95 wells (40% of 209) was calculated to be a one-time cost of $56 million, as shown in
Table 5.7.
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TABLE 5.7: WELL MODIFICATION COSTS (1998 DOLLARS)
Pool Cost
Ice Harbor $18,373,000
Lower Monumental $12,462,000
Little Goose $7,797,000
Lower Granite $17,815,000
Total $56,447,000
Source: DREW Water Supply Work Team
5.2.4 Summary of DREW Water Supply Work Team
Using the aforementioned methodologies, the DREW Water Supply Work Team
concluded that the resultant economic effect of dam breaching on the water supply
system of the region would range from $14 to $17 million annually, assuming 6.875%
discounting. Table 5.8 summarizes the results of this analysis and gives a possible range
of values at each discount rate.
TABLE 5.8: SUMMARY OF DREW WATER SUPPLY WORK TEAM ANALYSIS
Water Supply Economic Average Annual Average Annual Average Annual
Category Effect (6.875%) (4.75%) (0%)
Loss of Irrigated
Farmland $134,240,000 $9,241,100 $6,438,100 $1,342,400
Municipal & Industrial
Pump Stations Low $11,514,000 $792,600 $552,200 $115,000
High $55,214,000 $3,800,900 $2,648,100 $552,000
Privately Owned
Wells $56,447,000 $3,885,800 $2,707,200 $564,500
Total Low $202,201,000 $13,919,500 $9,697,500 $2,021,90
High $245,901,000 $16,927,800 $11,793,400 $Z458,90
Source: USA CE, 1999
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5.3 Altemative Analyses
5.3.1 Oregon Natural Resource Council
The ONRC study first considers the 1930's cost carrying percentage of the water
supply component figured at 4.11% by the USACE. This portion of the system cost
translates into a cost of $9.4 million annually. The ORNC report then adds in estimated
costs such as power foregone from water used to irrigate, tax payer crop support, and
subsidized electricity for irrigation pumping. The analysis goes on to subtract the net
return to farmers cited at $1.9 million annually, based on a net return value of $53.93 per
acre, based on Washington agricultural County Data from 1994.
From this total existing cost, the restored river system costs and price to purchase
the irrigated farms are then subtracted. The resultant net savings were calculated at $6.2
million annually at a 3% discount rate and a 50-year payment period. The details of this
calculation can be seen in Table 5.9. This methodology relies on the assumption that in
calculating the power foregone to irrigate the fields, all water coming downstream would
normally be used for generation and not spilled over the spillway.
TABLE 5.9: ORNC WATER SUPPLY ANALYSIS - SAVINGS WITH RESTORED RIVER
Component Cost ($ Million Annually)
Existing System Cost Component $9.4
Power Forgone with use of Irrigation Water $0.5
Subsidized Electric for Pumping $0.5
Taxpayer Crop Support $0.8
Net Return to Farmers -$1.9
Restored River System Cost Component -$1.1
Purchase of Irrigated Land -$2.0
Total Savings $6.2
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5.3.2 ECONorthwest
The ECONorthwest analysis, again, accepts the majority of assumptions and
methodologies associated with the USACE / DREW analysis. However, it does note that
there are numerous strategies that are feasible and would help cover the cost pertaining to
the water supply system. The report notes that response options for farm owners include
low-cost loans to access groundwater, modification of irrigation practices, or altered crop
selection.
The majority of the water supply section of the ECO report is focused on the
potential regional effect of the buyout of the 13 irrigated agricultural farms in the area.
Though these effects are not included in an NED analysis, their comments will be briefly
noted. The foundation of the ECO strategy, pertaining to the potential loss of 2,256 jobs,
is based on the strengthening of regional training programs for displaced workers. The
report identifies four such programs that are currently in operation and should be targeted
for funding in an attempt to retrain workers.
Though the report cites USACE data, it also identifies an apparent inconsistency
in its methodology. As noted in the USACE review, DREW claims that substitution of
river water by groundwater sources is not feasible due to permitting problems and
subsurface conditions. Simultaneously, it notes that there exist many large wells that
serve a substantial number of acres. The question is posed as to whether wells may
actually be a feasible option, in contrast to the USACE findings.
5.3.3 American Rivers
The American Rivers report includes very little about the effects that dam
breaching will have on the water supply system. It does refer to the DREW data, as well
as its conclusion that buyout is the least-cost mitigation option, in its brief discussion.
With little or no comment on the loss of these farms, the American Rivers report simply
accepts the consequences as a price of saving salmon.
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6.1 Recreation on the Lower Snake River
Outdoor recreation is of great importance to the residents of the Pacific
Northwest. The availability of mountains, the Pacific Ocean, and rivers is one of the
major attractions for both residents and tourists of this region. The Snake River, known
worldwide for its mighty rafting waters in its upper reaches, has numerous recreational
activities associated with its impounded state, as well as if it were a free-flowing water
body. It is the task of this analysis to determine the magnitude of the economic benefits
associated with each state and quantify the difference.
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6.1.1 Reservoir Recreation
The Snake River, in its existing state, provides for a multitude of recreational
activities. The waters of the reservoirs provide for boating, jet skiing, swimming,
windsurfmg and recreational fishing. The lands adjacent to the river also provide for
picnicking, hiking, mountain biking, hunting, and both primitive and developed camping.
Table 6.1 outlines the existing facilities available at the four Lower Snake River facilities.
TABLE 6.1: ExISTING RECREATION FACILITIES
Length Max Width Reservoir Boat Boat Picnic Camp-Dam Reservoir Lake (miles) (miles) (Acres) Launch Spaces Shelters sites
Ice Harbor Sacajawea 31.9 1.0 8,375 6 65 25 125
L. Monumental Herbert G. West 28.7 0.8 6,590 5 8 52
Little Goose Bryant 37.2 0.8 10,025 6 100 3 90
L. Granite Lower Granite 39.3 0.6 8,900 12 140 12 168
Total 137.1 - 33,890 29 305 48 435
Source: USACE Project Data Sheets
6.1.2 Free-Flowing River Recreation
Though the Columbia River Basin includes some of the largest rivers in North
America, the free-flowing segments of the rivers are minimal. Due to the construction of
numerous large hydropower dams, the majority of the rivers in the region are not free-
flowing. In addition, there exist a large number of lakes in the region, which are able to
support flat-water recreation in addition to the areas provided by dam impoundments.
Therefore, the demand for free-flowing river recreation is expected to be greater than that
of reservoir recreation, since there are numerous alternatives to reservoir recreation.
However, free-flowing river recreation is difficult to replace.
If the dams were breached, the Lower Snake River would presumably be able to
support a wide variety of recreational activities. In addition to the camping, hunting,
picnicking, hiking and mountain biking areas provided by the adjacent land, the river
could support activities such as rafting, canoeing, and kayaking. Additionally, the
potential recovery of fish populations to the river would increase the availability of
species to be caught by recreational fishing enthusiasts.
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6.2 Measuring Recreational Benefits
The most common method used to measure the economic benefits of recreation is
based on a consumer's willingness to pay for an activity (James, 1971). This direct
economic benefit from the presence of recreational sites consists of two components: the
cost to participate (e.g.: entrance fees) and the amount above and beyond the cost to
participate that the consumer is willing to pay for the activity, known as the consumer
surplus (USACE, 1999). In the case of the Snake River Dams, the entrance fees for
recreational activities are relatively small or nonexistent, which relegates measurement of
benefits to summing of consumer surplus utilized for related activities. There also exists
indirect economic benefits, which include spending related to local lodging, sport shops,
and food, though these types of economic benefits have primarily regional effects and
would therefore not be included in a NED analysis (Goodman, 1984).
One method of measuring the direct economic benefits of recreation involves the
Travel Cost Method (TCM). This method is used on the basis that per capita use of a
recreation site will decrease as the time-costs of traveling from the place of origin to the
site increase (Goodman, 1984). Alternatively stated by James and Lee (1971), the
disutility (total cost) related to a trip is a combination of the direct trip expense, time cost
(opportunity cost), and the utility of the traveling experience (enjoyment of the activity).
In order to apply the Travel Cost Method, one must first gather data pertaining to
existing users or those who may use the area under a proposed future condition. The
WRC guidelines recommend that this data be gathered by utilization of the Contingent
Value Method (CVM) (WRC, 1983). Contingent valuation estimates change in benefits,
as a result of changes in the quantity of recreation assumed by surveying recreationists
(Goodman, 1984). Alternatively stated, the benefits associated with a given recreation
scenario can be measured by asking those who use the facilities how much they are
willing to pay per trip to the area. In the case of a future scenario, the answers to the
questions will be speculative and are more commonly referred to as contingent behavior
(USACE, 1999). Using the answers to questions posed to consumers regarding visits per
year and distance traveled, the value of the benefits associated with a given scenario can
be quantified.
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6.3 DREW Recreation Workgroup
6.3.1 Survey of Users
In conjunction with the production of the USACE FR/EIS, the DREW Recreation
Workgroup undertook a contingent valuation to quantify the effects of breaching on the
national economy. AEI, a firm of agricultural economics hired by the USACE to assist
the DREW Recreation Workgroup, hired Dr. John Lumus from the University of
Colorado to conduct a series of surveys relating to the contingent valuation of consumers
under existing and breached conditions (Benge, 2000). Four surveys were sent to exiting
facility users to quantify the recreation benefits accrued under reservoir conditions.
Table 6.2 shows the results from the four existing condition surveys listed by the target
recipient group.
TABLE 6.2: RECREATION SURVEYS TO QUANTIFY EXISTING BENEFITS
Number of Annual Benefits
Survey Completed Response Number of Willingness-To- (Thousands of
Rate (%) Trips Reported Pay Per Trip Dollars)Surveys Dlas
Reservoir Angler 537 59 57388 $29.23 $1,677
Non-Angler Users 408 65 442834 $71.31 $31,578
Upriver Angler 247 72 11437 $35.71 $408
Central Idaho Angling 257 Na 129026 $37.68 $4,862
Total 1449 na 640685 Na $38,526
Source: DREW Recreation Workgroup
A survey was also sent out to a larger population sample of residents of
Washington, Idaho, Oregon, Montana, and California (USACE, 1999). This larger, more
general survey, attempted to quantify the NED recreation benefits under a dam breaching
scenario by using contingent behavior methodology. A total of 4,780 surveys were
returned from Pacific Northwest residents for a response rate of 54% (Recreation
Workgroup, 1999). The response rate varied by region. Residents of areas in the
immediate vicinity of the river responded at a rate of 56% while only a 28% response was
exhibited from residents of California.
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Prior to applying the contingent behavior survey results (pertaining to breached
conditions), the implementation and recovery period for recreational activities was
considered. Considering that the suitability of the areas for various types of recreation
would take time to recover from the imbalance created by dam breaching, the effects
were assumed to be phased in over time. Table 6.3 shows the suitability factors of
recreation areas over time, as developed by USACE economists.
TABLE 6.3: SUITABILITY OF RECREATION AREAS FOLLOWING DAM BREACHING
Activity Year 1 Year 5 Year 10 Year 20
Jet Boating 0.2 0.5 0.7 1
Rafting / Kayaking / Canoeing 0.3 0.5 0.8 1
Swimming 0.2 0.4 1 1
Picnicking and Primitive Camping 0.8 1 1 1
Developed Camping 0.6 0.9 1 1
Hiking and Mountain Biking 0.8 1 1 1
Hunting 0.5 0.8 1 1
Source: USACE FRIEIS
The actual results of the contingent behavior survey included whether the
consumer would definitely or probably visit a free-flowing Lower Snake River, number
of trips per year, and estimated total cost (consumer surplus) per trip. These values were
then summarized into low, middle, middle-high, and high estimates of usage. The
classification is outlined as follows:
* Low Estimate - Only definite visitors and zero visits from non-
respondents
* Middle Estimate - Only definite visits and assumed same visits from
respondents and non-respondents
e Middle-High Estimate - Both defmite and probable visits from
respondents and zero visits from non-respondents.
* High Estimate - Both definite and probable visits assuming same rate for
both respondents and non-respondents
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With the suitability factors over time and the survey results, the economic benefits
of a free-flowing river were then quantified for year 10. The results of this contingent
valuation of free-flowing river benefits, according to the estimate type can be seen in
Table 6.4.
TABLE 6.4: RIVER TRIPS IN YEAR 10 OF BREACHED CONDITIONS
Annual Low NED Annual High NED
River Recreation Trips ~Mlin) ( ilos($ Millions) ($ Millions)
Low Estimate 245,338 $17.50 $72.86
Middle Estimate 462,456 $33.00 $137.35
Middle-High Estimate 756,031 $53.95 $224.54
High Estimate 1,756,193 $125.32 $521.59
Source: DREW Recreation Workgroup
6.3.2 Interpretation of Survey Results
It was noted by the Recreation workgroup that a large percentage of total river
recreation trips would originate from distant areas such as Portland, Seattle, and
California. Quantitatively, 21 percent of the visitors come from more than 1,000 miles
away and 12% of the visitors coming from 1,500 mile away or more. The workgroup
notes that this is not surprising, given the lack of free-flowing rivers close to the
magnitude of that of the Snake. They also note that flat-water reservoir users do not have
to travel great distances, due to the plethora of reservoirs in many local areas.
In a few cases of the analysis, demand exceeded supply. For example, the
demand for established campsites was well above the projected supply. In the case of
recreation fishing in year 5, the supply of harvestable salmon available to recreation in
the river, as projected by the DREW Anadromous Fish Workgroup, was only 6 percent of
the lowest estimate of salmon demand by anglers. In both cases the travel cost method
values were adjusted to reflect only the available capacity.
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Using the adjusted results, AEI and the Recreation Workgroup analyzed the
demand curve based on the visitor survey responses. From this curve, low and high NED
values were determined. The high NED values were obtained by scaling the demand
curve based on survey responses, while the low NED values were obtained by scaling the
demand curve based on the cost per mile.
6.3.3 Recreation Workgroup Results
The estimates of economic benefits developed in the aforementioned analysis
were translated into a total value over the 100-year study period and then amortized to
achieve an annual benefit. This amortization was carried out using the three discount
rates, as used in previous sections. The estimated annual benefits of reservoir conditions,
as developed from the four associated surveys, was then subtracted from the breached
condition estimates to achieve a resultant economic recreational benefit of removing the
dams.
As shown in Table 6.5, the difference in benefits from existing reservoir recreation
of $31.6 million is easily offset by the potential gains in recreational fishing associated
with a free-flowing river estimated at a minimum of $36.18 million annually. In
addition, the increase in river recreation, at a middle use estimate based on those survey
respondents who would definitely or probably visit while assuming zero visits from non-
respondents, ranged from $56 to $342 million annually. The Recreation Workgroup
compared these results with literature for benefits of general recreation and river angling
and determine that a value of approximately $82 million annually properly displayed the
recreation benefits that a free-flowing river would have on the national economy.
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TABLE 6.5: SUMMARY OF RECREATION BENEFITS
Difference from Existing
0% 4.75% 6.875% Conditions @ 6.875%
Low High Low High Low High Low High
Reservoir Recreation - - - - - - -31.6 -31.6
River Recreation
Low Use Est. 44.00 182.60 38.10 158.30 36.18 150.12 36.18 150.12
Middle Use Est. 99.40 412.60 85.50 354.90 80.85 335.53 80.85 335.53
High Use Est. 441.50 1832.00 385.30 1599.10 367.18 1523.74 367.18 1523.74
Recreational Fishing
Resident and Steelhead 5.05 8.95 3.64 6.21 3.25 5.44 0.93 3.12
Mainstream Salmon 1.50 2.93 0.82 1.60 0.62 1.20 0.36 0.94
Steelhead-Tributaries 35.42 68.79 27.04 52.52 24.51 47.61 5.30 28.40
Salmon-Tributaries 0.81 1.58 0.42 0.81 0.32 0.62 0.16 0.46
Total Low Use Estimate 86.78 264.85 70.02 219.44 64.88 390.40
Total Middle Use
Estimate 142.18 494.85 117.42 416.04 109.55 204.99 56.00 336.85
Total High Use Estimate 484.28 71914.25 417.22 1660.24 395.88 1578.61
Source: USA CE FRIEIS
6.4 Alternative Analyses
The three pro-breaching analyses, that were researched during this analysis, had
little to say regarding the largest benefit associated with dam breaching. One possible
explanation for this is due to the timing of the release of the DREW Recreation
Workgroup data in comparison to the completion of the other analyses. While the ORNC
and American Rivers studies seemed to avoid the benefit all together, the ECONorthwest
report looked into the issue to some extent. The ECO report primarily focused on the
regional recreation effects of dam breaching, stressing that the preservation of natural
resources such as free-flowing rivers and fish will have a major strengthening effect on
the Pacific Northwest by attracting more tourism and industry to the region. It can be
surmised that if the recreation data been available during the writing of the
environmentally based analyses, it would have been stressed to a greater extent.
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7.1 Background
Since the first settlers arrived in the Pacific Northwest, the Columbia and Snake
Rivers have been relied upon for their bountiful harvests of anadromous2 fish. The major
species of anadromous fish indigenous to the Columbia River and Snake River include
steelhead and five species of salmon: Chinook, Coho, chum, sockeye, and pink
(Oncorhynchus gorbuscha) (Mighetto, 1994). Due to the gradual listing of Snake River
sockeye, fall, and spring/summer Chinook salmon in 1991 and 1992 on the Endangered
Species Act listing, they are the major focus of the majority of current biological
investigations (USACE, 1999).
Picture above: Fish wheel used to harvest Columbia River salmon near Hood River, Oregon
2 Anadromous, the Greek word for "running upward," refers to the migratory patterns of fish who are born
in fresh water, migrate to the ocean to mature, and return to fresh water to spawn (MIGHETTO, 1994).
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7.2 Salmon and the Pacific Northwest
Salmon begin their life cycle as small eggs, buried in the gravel of a swiftly
flowing stream. They hatch after approximately 50 days. During the spring runoff, they
travel downstream for as much as 1,000 miles to the ocean (MIGHETTO, 1994). Within
5 years, they return to their place of birth where they spawn, and in the case of the salmon
(but not steelhead), die soon after (MIGHETTO, 1994). Figure 7.1 portrays the salmon's
life cycle.
Since early times, the presence of these salmon species in the Columbia River and
Snake River has played an essential role in the livelihoods and economic prosperity of the
local Native American tribes as well as the European Settlers. In the early 1890's, the
development of canning operations caused the total annual harvests of salmon to grow to
as much as 33 million pounds (USACE, 1999). Fueled by the constant developments in
harvesting technologies and seemingly ever-present populations of harvestable fish,
towns such as Astoria, Oregon flourished, along with the economic well-being of the
Pacific Northwest.
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FIGURE 7.1: THE LIFECYCLE OF A SALMON (MIGHETTO, 1994)
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Today, salmon remains symbolic of the region's prosperity and natural wonders,
though the populations of harvestable salmon are onlya fraction of their past populations.
The USACE reports that the average harvest of salmon of 20 million pounds in the
1940's has declined to only one million pounds in 1994 (1999).
7.2.1 PATH Analysis
The Plan for Analyzing and Testing Hypotheses Committee (PATH) is a group of
federal, state, tribal, and independent scientists organized to investigate the trends
associated with salmon populations and the probability that they will recover, given a
variety of different circumstances (American Rivers, 1998). Their data has been used by
many regional entities involved in the plight of the salmon and is the basis for the Army
Corp biological analysis.
PATH has published numerous analyses on the subject of salmon returns and
corresponding probabilities. The most recent, in 1998, focused on the recovery potential
of spring/summer and fall Chinook indigenous to the Snake River. This report stated
that, given a dam breaching scenario, these species of fish have an 80 to 100 percent
chance of recovery of the spring/summer Chinook and fall Chinook, respectively
(American Rivers, 1998). Figure 7.2 and Figure 7.3 show PATH data as reported in the
USACE FR/EIS pertaining to the historical and projected returns under existing
conditions and those expected if the Snake River Dams were to be breached.
It is important to note that the biological uncertainty associated with the PATH
analysis, as with any biological investigation, has an extremely wide range. The issue of
predicting the probability and uncertainty of salmon returns, given current data, is an area
of intense debate and active research among the interested parties in the Lower Snake
River Dam Controversy and one that is not easily resolved (Paulsen, 2000). The brief
description of the PATH results are presented here because it is this data that has been
used in the majority of the exiting analyses pertaining to the Lower Snake River Dam
Controversy. The interested reader is referred to the PATH web site
(http://rebar.bpa.gov/Environment/PATH) for further information on this subject.
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7.3 DREW Anadromous Fish Workgroup Analysis
In conjunction with the DREW initiative, an Anadromous Fish Workgroup was
formed. The purpose of this workgroup was to investigate the economic effects of dam
breaching on commercial and recreational fish harvests. Since the economic effects of
recreational fishing occurring in the river were already considered in the Recreation
Workgroup analysis, the Anadromous Fish analysis relegated its recreation fishing
investigation to that occurring in the ocean. In both its recreational and commercial
analyses, the workgroup first determined an estimated value of harvested fish on a per-
fish basis.
7.3.1 Commercial Harvests
The methodology used in the commercial fishing portion of this analysis was
based on the assumption that seventy percent of ex-vessel revenue is an indication of the
economic net worth of each fish. With this in mind, the workgroup compiled a database
consisting of prices paid to harvesters for fish (ex-vessel values) and processing costs,
according to a variety of harvesting and processing methods classified by geographic area
of harvest. Hatchery fish that are commercially harvested and considered hatchery
surpluses are sold for eggs, carcasses, and sometimes food fish. The average net worth of
commercially harvested fish can be seen in Table 7.1.
TABLE 7.1: COMMERCIAL FISHING ECONOMIC VALUE ASSUMPTIONS (PER FISH)
Location of Harvest / Use Spring/Summer Chinook Fall Chinook Summer Steelhead
Alaska 33.83 33.83 -
British Columbia 34.30 34.30 11.44
Washington Ocean 23.68 23.68 -
Puget Sound 21.19 21.19 -
Oregon 21.65 21.65 -
California 22.33 22.33 -
Mainstem Columbia River 49.95 23.53 9.99
Food fish 26.87 18.25 8.73
Carcass and Egg Sales 0.00 1.23 1.23
Source: USA CE FR/EIS
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7.3.2 Ocean Recreational Harvests
The recreational fishing values were based on a value per angler day. This can be
translated into the number of days that an angler takes to catch a fish in a given location.
This value was then normalized to the abundance of harvest in an attempt to properly
estimate the net-worth of a recreationally harvested fish under dam breaching where there
will potentially be a larger abundance of fish. In addition, the unit effort per catch, which
consisted of various trip expenditures, was incorporated and a Catch Per Unit Effort
(CPUE) value was obtained. Example values of this CPUE include I day per fish in the
ocean and 5.88 days per fish in the Snake River. The average net worth of recreationally
harvested fish can be seen in Table 7.2.
TABLE 7.2: RECREATIONAL FISHING ECONOMIC VALUE ASSUMPTIONS (PER FISH)
[Location of Harvest / Use Spring/Summer Chinook Fall Chinook Summer Steelhead
Ocean
Alaska
British Columbia
Washington Ocean
Puget Sound
Oregon
California
Columbia River
Mainstem
Tributary
Source: USACE FRIEIS
63.23 63.23
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- 51.43 -
- 51.43 -
- 51.43 -
- 51.43 -
51.43 51.43 52.85
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7.3.3 Average Annual Benefits
The value per harvested fish values were then combined with the PATH estimated
fish populations for both existing and breached conditions, to determine the net NED
effect. This net effect was calculated for three different PATH projections, the 25 th, 50th
and 7 5th percentile, denoted by low, likely, and high. The purpose of this was to
incorporate the range and uncertainty of the PATH modeling. The total effect was then
summed and amortized over the 100-year study period, using 6.875% discounting. The
results of this amortization for the commercial and recreational harvests can be seen in
Table 7.3 and Table 7.4 respectively.
TABLE 7.3: ANNUAL COMMERCIAL EFFECTS (@6.875%, THOUSANDS OF DOLLARS)
Location of Harvest Existing Conditions Breached Conditions
Low Likely High Low Likely High
Ocean
Alaska $6.15 $12.72 $26.35 $31.99 $69.48 $136.12
British Columbia $25.93 $53.66 $111.09 $134.89 $292.97 $573.99
Washington Ocean $7.02 $14.53 $30.08 $36.53 $79.34 $155.44
Puget Sound $0.00 $0.00 $0.00 $0.00 $0.01 $0.01
Oregon $2.14 $4.43 $9.17 $11.13 $24.18 $47.38
California $0.00 $0.00 $0.00 $0.00 $0.01 $0.02
Columbia River
Non-Treaty $21.50 $45.76 $96.49 $120.47 $223.36 $409.35
Treaty (Native American) $293.52 $702.77 $2,003.61 $564.64 $1,287.11 $2,771.28
Hatchery Returns $8.77 $137.06 $522.24 $206.31 $480.92 $990.32
Subtotal Commercial $365.03 $970.93 $2,799.03 $1,105.96 $2,457.38 $5,083.91
Source: USACE FRIEIS
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TABLE 7.4: ANNUAL RECREATIONAL EFFECTS (@6.875%, THOUSANDS OF DOLLARS)
Location of Harvest Existing Conditions Breached Conditions
Low Likely High Low Likely High
Ocean
Alaska $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
British Columbia $3.11 $6.44 $13.32 $16.18 $35.14 $68.84
Washington Ocean $6.78 $14.03 $29.04 $35.26 $76.58 $150.04
Puget Sound $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Oregon $1.70 $3.51 $7.26 $8.82 $19.15 $37.53
California $0.00 $0.00 $0.01 $0.01 $0.02 $0.04
Columbia River
Non-Treaty These values have been incorporated into the
Treaty (Native American) DREW Recreational Workgroup analysis.
Subtotal Recreational $11.59 $23.98 $49.65 $60.29 $130.93 $256.53
Source: USACE FRIEIS
After the annual commercial and recreational (ocean only) effects were
determined, the values were added to determine the net economic NED benefits
corresponding to existing and breached conditions. As shown in Table 7.5, the resultant
difference between existing and breached conditions was then determined. The net
economic benefit of dam breaching was calculated to range from $0.79 million to $2.492
million annually, with a likely value of $1.593 million at 6.875%. If this net benefit were
to be calculated using 0% or 4.75%, the resultant values would be $3.49 million and
$2.06 million, respectively.
TABLE 7.5: TOTAL ANADROMOUS FISHING BENEFITS (@6.875%, THOUSANDS)
Existing Conditions
Low Likely High
Breached Conditions
Low Likely High
Difference
Low Likely
Commercial $365.03 $970.93 $2,799.03 $1,105.96 $2,457.38 $5,083.91
Recreational $11.59 $23.98 $49.65 $60.29 $130.93 $256.53
Total1 $376.62 $994.911 $2,848.681 $1,166.251 $2,588.311 $5,340.44
Source: USCAE,FRIEIS
75 BENJAMIN MOSHER
High
I
7 BENJAmMMOSHER
ANADROMOUS FISH
7.4 Alternative Analyses
Again, as in the recreational analysis, we find a paradoxical situation regarding
the other three analyses investigated. DREW has shown that dam breaching will have
beneficial economic effects on the commercial and recreational fishing sector, yet the
anti-dam analyses say little to nothing about it. Again, one possible explanation for this
is due to the timing of the release of the DREW Anadromous Fish Workgroup data in
comparison to the completion of the other analyses.
Due to the vastly different method of analysis and broad generalizations made in
the ORNC, the aspects of financial benefits occurring were not included in the analysis.
The American Rivers study simply reiterates the numbers that were available at the time,
yet, continues to stress that the benefit will only occur if fish populations increase above
what they refer to as "museum piece" levels, or simply sustainable levels without fishing.
Finally, in accordance with their objective to identify mitigation alternatives associated
with the negative effects of dam breaching, the ECONorthwest report simply states that
there are apparent benefits and, for that reason, no mitigation alternatives need be
identified.
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8.1 Implementation Introduction
As in any civil engineering project, there exist costs of implementation. Though
the costs more commonly involve the construction and acquisition of a piece of
infrastructure, in this case, the costs involve the decommissioning of four such structures.
In addition to the direct construction (or deconstruction, in this case) costs, there are
additional factors, such as Operation, Maintenance, Repair, Replacement and
Rehabilitation (0,M,R,R&R) that must be taken into account. Additionally, there exist
costs associated with mitigation of fish, wildlife and cultural resources that must be
included in any implementation analysis. Though immediately one thinks primarily of
costs associated with the dam breaching option, the majority of the aforementioned costs
also apply the existing conditions option to some extent.
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8.1.1 USACE, Walla Walla, WA District
The estimation of implementation costs associated with the Lower Snake River
dam breaching has primarily been left up to the USACE Walla Walla District office.
Though historically the USACE has primarily been responsible for the construction of
dams, they are still considered by many to have the best insight into the scope of work of
a dam breaching project. For this reason, the various study authors and interested parties
in the region have relied primarily upon the USACE implementation cost estimates.
8.1.2 Assumptions
The assumptions used in the FR/EIS pertaining to the study period, discount
factors, and base year of 2005 were also used in the implementation costs analysis. In
addition, the USACE assumed that a record of decision will be made on schedule and
work will commence in fiscal year 2001. Though a rarity in many civil engineering
projects, the USACE also assumed that neither funding nor other limitation would impact
the implementation schedule.
8.2 Existing Conditions Implementation Costs
Though the existing conditions option does not include the major deconstruction
activity associated with dam breaching, it nonetheless has numerous implementation
costs. With the dams left in place, there are numerous expenditures that are expected to
be undertaken, such as improvement and upgrades to existing fish facilities as well as
studies relating to fish survival through the hydropower generation equipment. The
USACE's list of costs associated with the existing conditions are listed as follows and
total just under $98 million over the 100-year project period.
" Auxiliary water supply for fish ladders at all four dams - $10.8 million
e Fish facility cylindrical de-watering systems needed at Ice Harbor (IH),
Lower Monumental (LM) and Little Goose (LGoose) dams, but not at
Lower Granite (LGran)- $1.4 million
" Gantry crane modifications at LM - $630,000
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* Juvenile fish facility improvements at LGoose - $24.3 million
e Separator Improvements at LM and LGoose - $7..3 million
e De-gasification improvements at all dams except for IH - $33.7 million
* Trash boom improvements at LGoose - $5.3 million
* Barge improvements - $9.3 million
e Extended Screen Bypass Systems (ESBS) - $1.8 million
In addition to the construction costs, there are also Operation, Maintenance,
Repair, Replacement and Rehabilitation (0,M,R,R&R) costs associated with the existing
conditions alternative. The majority of these costs would be incurred as a result of
project or fish-related improvements scheduled for the dams. The USACE
implementation costs analysis lists 0,M,R,R&R costs of the existing dams to include
continued study of anadromous fish ($82 million) and acquisition of water from the
Bureau of Reclamation (BOR) ($43 million). These costs are shown in Table 8.1.
TABLE 8.1: IMPLEMENTATION COSTS OF EXISTING CONDITIONS ALTERNATIVE
Cost Category Costs
Construction / Acquisition
Gantry Crane Modifications $630,000
Fish Facility Cylindrical Dewatering System $1,433,000
ESBS Modifications $1,780,000
Cam Improvements and Studies $3,546,000
Trash Boom $5,280,000
Separator Improvements $7,262,000
Additional Barges & Moorage Cells $9,270,000
Aux. Fish Ladder Water Supply $10,805,000
Degasification Efforts $33,676,000
Juvenile Fish Facility Improvements $24,306,000
Total $97,988,000
0,M,R,R&R
Anadromous Fish Evaluation Program $82,413,000
BOR Water Purchase $43,300,000
Total $125,713,000
Source: USACE FRIE/S
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8.3 Breached Conditions Implementation Costs
The breaching of the Lower Snake River Dams would not involve removal of the
entire concrete dam structure. It would instead involve the removal of only the earthen
embankments adjacent to the structures. This earthwork and the necessary river channel
excavation needed to ensure proper river flow path would comprise the majority of the
construction costs - approximately $70 million at each of the dams. Additional
construction costs associated with dam breaching would include modifying, removing, or
protecting structures, drainage structures and recreational access corridors.
According to the USACE FR/EIS, the 0,M,R,R&R costs incurred as a result of
dam breaching include fish evaluation programs, BOR water purchasing and numerous
monitoring activities associated with this landmark project. The total cost of activities
included in this category total over $122 million over the project life. Both the
construction and O,M,R,R&R costs are summarized in Table 8.2.
8.4 Amortization of Costs
As in previous analyses, the USACE transferred the total costs and benefits of the
project into average annual values over the 100-year project period. This conversion was
done for the construction and acquisition costs, the interest during construction, the
anadromous fish evaluation program (AFEP), and the 0,M,R,R&R costs. Table 8.3
shows the results of this conversion. The Corps' conclusion was that dam breaching
would result in an annual net national economic implementation cost of $48.8 million,
discounted at 6.875%.
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TABLE 8.2: IMPLEMENTATION COSTS OF BREACHED CONDITIONS ALTERNATIVE
Cost Category Costs
Construction I Acquisition
Real Estate (Excessing Property) $841,000
Project Dam Decommissioning $5,006,000
Cultural Resource Protection $5,999,000
Cattle Watering Facilities $6,030,000
Drainage Structures Protection $8,830,000
Lyons Ferry Hatchery Modifications $9,047,000
HMU Modification $8,841,000
Recreational Access Modification $12,509,000
Railroad Relocations $21,913,000
Powerhouse Turbine Modification $30,952,000
Reservoir Revegitation (For Air & Water Quality) $26,336,000
Temporary Fish Handling Facilities $37,018,000
Bridge Pier & Abutment Protection $48,321,000
Railroad and Roadway Damage Repair $95,538,000
River Channelization $123,446,000
Dam Embankment Protection $158,775,000
Reservoir Embankment Protection $184,432,000
Mitigation Costs $25,696,000
Total $809,530,000
0,M,R,R&R
Anadromous Fish Evaluation Program $38,428
BOR Water Purchase $43,300
Wildlife Monitoring $179
Vegetation Monitoring $382
Fish Monitoring $32,442
Water Quality Monitoring $6,094
Air Quality Monitoring $504
Sedimentation Monitoring $1,533
Total $122,862
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TABLE 8.3: SUMMARY OF AMORTIZED IMPLEMENTATION COSTS
Existing Conditions 0% 4.75% 6.875%
Construction / Acquisition $89,258 $89,258 $89,258
Interest During Construction - $5,971 $8,732
Total Investment Cost $89,258 $95,229 $97,990
Annual Investment Cost $893 $4,567 $6,745
Annual AFEP Cost $1,373 $4,498 $5,673
nnual O,M,R,R&R Cost $2,423 $2,759 $2,984
Total Annual Investment Costs $4,689 $11,824 $15,402
Breached Conditions
Construction / Acquisition $911,122 $800,224 $7,759,093
Interest During Construction - $35,688 $50,437
Total Investment Cost $911,122 $835,912 $809,530
Annual Investment Cost $9,111 $40,092 $55,727
Annual AFEP Cost $640 $2,097 $2,645
nnual O,M,R,R&R Cost $3,236 $5,133 $5,817
Total Annual Investment Costs $12,987 $47,322 $64,189
Difference Between Alternatives
Construction / Acquisition $821,864 $710,966 $7,669,835
Interest During Construction - $29,717 $41,705
Total Investment Cost $821,864 $740,683 $711,540
Annual Investment Cost $8,218 $35,525 $48,982
Annual AFEP Cost -$733 -$2,401 -$3,028
nnual O,M,R,R&R Cost $813 $2,374 $2,833
Total Annual Investment Costs $8,298 $35,498 $48,787
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8.5 Avoided Costs
Through use of the difference between breached and existing conditions as a
method of quantifying costs and benefits, the various DREW workgroups included many
of the avoided costs in their respective analyses. Despite this, there were some costs
associated with dam breaching that had not been included in the various sections and
were considered costs that would be avoided. For this reason there was a DREW
Avoided Costs Workgroup established in an attempt to identify those costs.
As outlined in the DREW Avoided Cost Workgroup Technical Report (1999), the
costs that would be avoided under a dam breaching scenario that had not been
specifically addressed are the O&M costs associated with minor future repairs to the
system. These repairs were estimated to costs approximately $25 million per year over
the life of the project. Discounted at 0%, 4.75% and 6.875% and taking into account the
costs between now and dam breaching (2007), the annual avoided costs of dam breaching
was assumed to be approximately $29 million.
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9.1 Passive Use
All economic impacts of dam breaching covered in previous sections are
classified as direct or consumptive uses. Direct uses are categorized by the fact that there
is a quantifiable benefit being harvested from the river that increases the National
Economic Development (NED). In the case of natural resource economics, it has been
argued by many that these direct uses do not incorporate all benefits of a natural resource
system. For this reason, uses can also classified as Passive. Passive use, or existence
values are defined as "the values individuals place on natural resources independent of
direct use of a resource by the individual. Passive use values include, but are not limited
to: the value of knowing the resource is available for use by family, friends or the general
public; and the value derived from protecting the natural resource for its own sake; and
the value of knowing that future generations will be able to use the resource" (NOAA,
1994). The preservation of endangered species is an accepted source of existence values
(USACE, 1999).
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9.2 DREW Passive Use Analysis
The most common method of determining existence values is the contingent
valuation method. As utilized in the DREW Recreation Workgroup Analysis, this
method employs the use of surveys to determine the public opinion regarding the value of
the preservation of the Snake River salmon. Though originally requested to conduct a
passive use contingent valuation survey during its analysis, the DREW Recreation
Workgroup was unable to complete this task due to political opposition from a
Washington State Senator.
Some of the sources or criticism stem from the opinion that contingent valuation
of natural resources does not force respondents to carefully research their response
because their reasoning does not involve the consideration of an actual monetary transfer
(USACE, 1999). Using this reasoning, it is argued that people will respond with a large
existence value of the natural resource, sometimes even higher than their disposable
income. Despite this, contingent valuation is a widely accepted, reasonably prudent
method of existence valuation.
Instead of using a site specific survey for the analysis of existence values as was
originally requested, the DREW Recreation Workgroup used a series of three analysis
methods on four existing studies relating to the existence value of fish species. The first
approach employed the willingness to pay principal based on the results of all four
studies. The remaining two approaches each utilized results from only one study to
quantify the passive use estimate. All three methods for existence valuation were based
on PATH data, which estimated an annual increase of natural salmon to be approximately
47,461 fish.
Though the surveys used were not specifically intended to be employed in the
Snake River analysis, the differences were noted by the USACE. In the existing studies,
no mention was made of preservation of threatened or endangered species. Their
application to the Snake River could possibly underestimate the existence value of the
species. This supposition relies on the assumption that people would pay more for an
endangered species than for those that are not endangered. An additional difference
between the existing studies and the Snake River study is based on the law of diminishing
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marginal returns. As the presence of a product, or natural resource, increases, the
marginal (per additional unit) increase in value gradually lessens. The existing studies
examined species with a larger population of fish. Their use in analyzing the Snake
River, if anything, would underestimate the existence value. These factors combined with
the previously mentioned criticisms of contingent valuation would potentially cancel out
the result of fairly accurate estimates of existence values through the use of existing
studies by the DREW analysis.
9.2.1 Salmon Valuation
The first of the three approaches was the regression approach. This method
statistically estimated a willingness to pay function for salmon, using incremental
existence values from the four existing surveys of West Coast residents (USACAE,
1999). The non-user households were used apart from the user households to eliminate
double-counting of those residents who may have included such values in their recreation
survey consideration. Based on the PATH data and the statistical regression analysis, the
average annual benefit from existence was determined to be $879.34 million.
The second method of benefit transfer involved the use of data from a study of
existence value of fish on the Elwha River, also in Washington State. Though this study
estimated the passive use value for a population of fish approximately six times that of
the Snake River Salmon, it is thought to be a reasonable estimation because it too was
surrounded by a dam removal controversy. The passive use estimate resulting from use
of this data was $142.30 million annually for the preservation of the Snake River Salmon.
Lastly, the use of Columbia River salmon existence value estimates was
transferred to the Snake River study in an additional attempt to determine their net worth.
This survey was completed in 1999 and involved a survey of Washington State residents.
It was originally conducted to estimate the value of freshwater, anadromous, and salt-
water salmon populations in the Washington area. Upon transfer of these per fish
existence values to the Snake River, the net effect was estimated to be between $66.47
and $508.40 million annually, based on continually declining or constant fish
populations, respectively. Table 9.1 summarizes the results of the three methods.
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TABLE 9.1: PASSIVE USE VALUES FOR SNAKE RIVER SALMON
PATH Salmon Return Regression-Based Elwha River Columbia River Estimates
Increase Estimate Transfer Only Stable Populations Declining Populations
47461 $879,340,000 $142,300,0001 $66,470,000 $508,400,000
Source: DREW Recreation Workgroup
9.2.2 Free-Flowing River Valuation
In addition to existence valuation of the Snake River salmon, the DREW analysis
also investigated the value of returning the Snake River to a free-flowing state. They
accomplished this through the use of two existing surveys, one involved with a river in
Colorado and one involved in preservation of the upper Snake River in Idaho. Though
these studies give a general idea as to the value of a free-flowing river, many differences
exist between the intended survey applications and the Snake River.
The survey of Colorado residents in relation to preserving free-flowing rivers
resulted in a per mile value of 21 cents. Appling this to the 140 miles of the Lower Snake
River results in a value of $29.40 per year per household. The survey of Idaho residents
living adjacent to the Upper Snake River responded that river preservation was worth an
average of 92 cents per mile per household, or $129 translated to the Lower Snake. The
values from the Idaho study were then applied to the 305,467 non-user households
adjacent to the Lower Snake while the more general Colorado survey results were applied
to the other 12.95 million Pacific Northwest non-user residents. This data application
resulted in a net worth for free-flowing river conditions of $420.13 million annually.
Some possible criticisms of this method, as noted in the USACE FR/EIS, may
include the fact that no allowance was made for a possible distance willingness to pay
function, which would result in lower values for residents of those areas such as Northern
California. It is also possible that residents of Idaho and Colorado value rivers differently
than residents of Washington. Finally, the other two studies did not involve the removal
of structures on which some of the residents depend for livelihoods. This may result in
different net worth values for free-flowing rivers.
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9.3 Summary
Due to political opposition, the USACE was not able to include the passive use
contingent valuation results in their NED accounting, there exists a definite need for
application of these numbers. Despite the fact that the DREW Recreational Analysis
Workgroup was unable to conduct a site-specific survey pertaining to the Lower Snake
River, its application of existing studies provides some useful insight into the possible
range of values for natural resource preservation in this controversy. The use of the four
studies relating to salmon populations results in a range of values from $66 million to
$879 million with a middle range between $142 million and $508 million (USACE,
1999). Though arguably less applicable numbers resulted from the free-flowing river
existence analysis, its net worth was estimated at $420.13 million annually.
88 BENJAMINMOSHERBENJAmMMOSH ER
THE NATIONAL ECONOMIC EFFECTS OF BREACHING THE LOWER SNAKE RIVER DAMS
SUMMARY OF FINDINGS
10.1 Net Effect on National Economic Development
Upon comparison of the various studies, numerous discrepancies exist between
the methods of analysis as well as the corresponding outcomes. In an attempt to clarify
the numbers, it is possible to standardize the discount rate and period of analysis, as well
as to incorporate any issues mentioned in the analyses, but not specifically quantified.
Table 10.1 outlines the findings of the four analyses that were examined in an attempt to
identify an relevant relationships. Note that the Oregon Natural Resource Council data
has been converted from a discount rate of 3% over 50 years to the USACE assumption
of 6.875% over 100-years.
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TABLE 10.1: SUMMARY OF VARIOUS EXISTING NED ANALYSES
Costs
Organization ($1,000's) Methodology / Comments
USACE / DREW Analysis (6.875% / 100 years)
Hydropower $271,000 Hydroregulation / Economic Models
Transportation $24,034 Modal and Transportation Cost Estimating
Water Supply / Irrigation $15,424 Farmland Value + Water Supply Upgrade Costs
Recreation ($82,000) Travel Cost Method based on user surveys
Anadromous Fish ($1,593) Value of Harvests based on PATH projections
Implementation Costs $48,787 Based on USACE engineering estimates costs
Avoided Costs ($29,178) Non-Related O&M
Total Cost to Breach $246,473
Oregon Natural Resource Council (Converted to 6.875% / 100 years)
Hydropower ($74,341) System Costs - Restored River Costs - Next Least Cost Source
Transportation ($71,440) System Costs - Restored River Costs - Next Least Cost Source
Water Supply / Irrigation ($11,242) System Costs - Restored River Costs - Next Least Cost Source
Recreation - Not Addressed
Anadromous Fish - Not Addressed
Implementation Costs - Included in the Restored River Costs
Avoided Costs - Include in the System Costs
Total Cost to Breach ($157,023)
Northwest
Hydropower $271,000 Note that average residential bill increase would be minimal
Transportation $24,034 Suggests Redirection of Federal Subsidies to Mitigate Costs
Water Supply / Irrigation $15,424 Suggests low costs loans be made for alternative water sources
Recreation ($82,000) Stresses that the quality of life will improve with recreation
Anadromous Fish ($1,593) Comments that no mitigation is necessary
Implementation Costs $48,787 Notes that this expenditure will expand the regional economy
Avoided Costs ($39,178) DREW Avoided Costs and $10 million Lock subsidy
Total Cost to Breach $236,473
merican Rivers'
Hydropower $271,000 Note that average residential bill increase would be minimal
Transportation $24,034 Argues that the cost per bushel will increase only 1 to 9 cents
Water Supply / Irrigation $15,424 Agrees with DREW Farmland Value Analysis
Recreation ($82,000) From DREW
Anadromous Fish ($1,593) Assuming substantial recovery
Implementation Costs $48,787 From DREW
Avoided Costs ($29,178) Notes that millions have been spent on failed fish projects
Total Cost to Breach $246,473
Values for these sections have been either taken directly from text or inferred from the reasoning
ECO
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Depending on the assumptions made and the methodology employed, outcomes
varied from a net economic annual cost of $246 million to net an annual benefit $157
million. For the purposes of this analysis, it is concluded that the majority of the DREW
Workgroup modeling efforts have shown the greatest insight into the possible economic
effects of breaching the Lower Snake River Dams. Nevertheless, discrepancies exist
between the amount of effort and depth of investigation shown by the different
workgroups. For example, the hydropower modeling has proven itself to be more
advanced and widely accepted than that of the avoided costs analysis. For this reason, in
some cases, the DREW analysis has been superceded by those findings concluded to be
more representative of the possible NED effect of dam breaching.
The primary discrepancy between the reports lies within the issue of federal
subsidies that currently support the operations of the four Lower Snake River Dams. In
the DREW analysis, it was the USACE policy not to include those funding sources that
were not known and readily identifiable (Trafton, 2000). Though this policy seems
initially defendable, given the uncertainties inherent with every aspect of the analysis, it
seems unfair not to attempt to include such a large cost, which would be avoided upon
breaching of the dams. Though the magnitude of these subsidies is the subject of
substantial debate, here it has been assumed to be and annual amount of $10 million
(ECO, 1999).
The timing of the Oregon Natural Resource Council study along with its obvious
deviation from any methods employed by the other existing studies raises questions as to
its validity. Being the first study of its kind published on the subject of the economics
associated with breaching the Lower Snake Rive Dams, it did not have the advantage of
available DREW data that the other studies employed. The broad assumptions and
relatively outdated sources furthermore decrease the validity of the conclusion that dam
breaching will benefit the national economy by $87 million per year for the next 50 years.
Table 10.2 and Figure 10.1 display the results of the analysis compilation, which
resulted in a net economic cost to the national economy, excluding existence values, of
$236 million annually. The breakdown between quantifiable costs and benefits was
$359 million to $123 million, respectively. The exact breakdown of these costs and
benefits are shown in Figures 10.2 and 10.3, respectively.
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TABLE 10.2: SUMMARY OF FINDINGS EXCLUDING EXISTENCE VALUES
Sector Annual Cost
Hydropower $271.0
Transportation $24.0
Water Supply / Irrigation $15.4
Recreation ($82.0)
Anadromous Fish ($1.6)
Implementation Costs $48.8
Avoided Costs ($39.2)
Total Cost to Breach Excluding Existence Values $236.5
FIGURE 10.1: MAGNITUDE OF NED EFFECTS EXCLUDING EXISTENCE VALUES
92 BENJAMIN MOSHER
U)
Lo
U)
C
mmmummm- "M""" -MIN .. ffi. -
BENJA MIN MoSHER
SUMMARY OF FINDINGS
Implementation
Water Supply
$15.4 Million Transportation
$24.0 Million
FIGURE 10.2: NED COSTS (TOTAL = $359.2 MILLION)
Anadromous Fish
$1.6 Million
FIGURE 10.3: NED BENEFITS EXCLUDING EXISTENCE VALUES (SUM: $122.8 MILLION)
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10.2 Existence Values
As previously discussed, benefits of dam breaching exist in addition to the readily
identifiable direct costs included in the previous analyses. The DREW Recreation
Workgroup attempted to quantify these costs through the use of a contingent valuation
survey but was unable to perform quantification due to controversy surrounding the
methods. Regardless, it was able to utilize existing surveys and apply them to the Lower
Snake River in an attempt to quantify their magnitude.
Due to the vast uncertainties and seemingly large estimates of the existence value
of a free-flowing river, the results of this analysis cannot be applied to an NED analysis
with any degree of certainty. Even so, the passive use analysis of the endangered species
resulted in reasonable, though possibly underestimated, results. The most likely range of
values of the benefit to residents of the Northwest for the preservation of salmon was
between $142 and $508 million annually. For the purpose of this analysis, the benefit is
assumed to be an average of the above range, equal to $325 million annually.
Table 10.3 and Figure 10.4 display the results of the analysis compilation, which
resulted in a net economic benefit to the national economy, including existence values, of
$88.5 million annually. The breakdown between quantifiable costs and benefits was
$359.2 million to $447.8 million, respectively. The exact breakdown of the modified
benefits is shown in Figure 10.5.
TABLE 10.3: SUMMARY OF FINDINGS INCLUDING EXISTENCE VALUES
Sector Annual Cost
Hydropower $271.0
Transportation $24.0
Water Supply / Irrigation $15.4
Recreation ($82.0)
Anadromous Fish ($1.6)
Implementation Costs $48.8
Avoided Costs ($39.2)
Salmon Existence Values ($325.0)
Total Cost to Breach Including Existence Values ($88.5)
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11.1 Economic Findings
The view of the importance of existence valuation in this debate dictates the
conclusions that is draw. In strictly considering the NED models of direct uses of the
Lower Snake River Dams with no regards to the net worth of preserving salmon, dam
breaching would cost the national economy and its taxpayers an estimated $236 million
annually for the next 100-years. Taking into account the existence value of the five
species of endangered salmon, the net economic benefit to the wallets and minds of the
nation's taxpayers would be $86 million annually.
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It is important to note that the uncertainty surrounding this controversy, both
economic and biological, is of an overwhelming magnitude. Though not addressed in
this analysis, the fundamental data from sources such as the DREW Workgroups, PATH
biological assessments, and all other analyses have well-documented sensitivity and
uncertainties associated with their results. The question of whether removing these dams
will actually improve anadromous fish returns in a river basin inundated with large
hydropower dams remains in the minds of all involved in the controversy. Though some
stakeholders seemingly have made decisions regarding the issue, there are few certainties
inherent with any decision regarding the breaching of these dams, other than the fact that
salmon will presumably benefit from a free-flowing river.
Many questions remain unanswered. Are the costs of breaching worth the loss of
hydropower, irrigation, and navigation facilities that help support the regional and
national economy? Or can these costs be mitigated and benefits of recreation, avoided
costs, and fishing be enjoyed while returning nature to the river and potentially
preserving it for generations to come? The fate of the dams and the future of the Lower
Snake River is ultimately delegated to those elected officials empowered with that
responsibility. The importance of economics in their decision remains to be seen.
11.2 Study Process
Upon comparison of the existing studies and their corresponding methodologies,
it has been determined that, with few exceptions, the USACE/DREW initiative has
surpassed any other existing study of the issue to date in both breadth and insight. This
landmark initiative, founded on the importance of public involvement and involving
numerous regional stakeholders leaves few areas open to scrutiny. This is especially true
in the area of economics.
Apparently discontent with the findings (or preliminary findings) of the
USACE/DREW study process, numerous groups have attempted to discredit the regional
data obtained from a process that they were, themselves, involved in or were invited to
partake in. In doing so, they have attempted to skew relatively proven and widely
accepted data in the direction which will publicly give the most support to their cause. It
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is here that the question must be asked as to whether this is the proper area to critique in
supporting their cause.
The preservation of an endangered species for the children of generations to come
is an indisputably noble cause. In using data, both biological and economic, as a means
toward their ends, these groups have slighted the true argument surrounding the
controversy. Environmental protection is mainly a social issue, not an economic issue.
The preservation of our environment for the sake of conservation is a strong argument to
be used by opponents to the Lower Snake River Dams.
Inherent with any market solution to a controversy is the fact that there will be
parties that are not completely satisfied. Despite this fact displayed by the presence of
opposition to the regional USACE/DREW analysis, the FR/EIS process has proven itself
to be revolutionary. It has shown that, by allowing stakeholders in a controversy to
partake in a unified analysis effort, the resulting data will be as close as possible to any
fair market solution that may exist. As society gains insight into the environmental
consequences of its actions, controversies of the form of that surrounding the Lower
Snake River Dams are sure to become more prevalent. It is essential that we learn from
the controversies of today in order to gain insight into the optimal solutions to the debates
of tomorrow. In the case of the Snake River and its salmon, though the final result has
yet to be determined, it is evident from investigation of the existing studies that a unified
analysis effort is essential to a well-rounded, non-biased analysis.
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